Joy of j {| 
| Knowledge EO OG | 


Early technology 
Modern technology 
The Stone Age 
Fireand bronze 
The Iron Age 

The Steel Age 


Metals and their uses 


nium and its uses 
Tailor-made materials 
Hand tools 

Hay 
Metalworking machines 


dworking metals 


Mineral resources of the land 
Mineral resources of the sea 
Energy resources: coal 
Energy resources: oil and gas 
Energy supplies 

Basic types of engines 

Steam engines 
Power from steam 

Oiland gasengines 

Wind and water power 


Power direct from thesun and earth 


Nuclear power 
Coal: production and uses 
Oiland natural ga 
Oilrefining 
Saving fuel and energy 
Electricity gener 


tion and distribution 


Levers and wedg 


Pulleysand gears 
Machines for Weighing and measur 
Machines for measuring time 

The factory and assembly lin 
Machines for lifting 

Earth moving machines 


Moving heavy loads 
Electronic device 
Automatic control 
How computers work 
What computerscan do 
History of transpor 
Sailing ships 


Modern ships 
Hydrofoilsand aircushion vehicle 
Submarines and submersible 


3 Technology 
& Resources 


anographic exploration 
Man under the sea 
Carts, coaches and carriage 
History of bicycles 
Hisi 


ryof motor 


mobiles 
Classic car 

How an automobile work 
Carsand societ: 
Tramsand buses 

Special purpose vehicles 


Small technology and tran: 
Loe 
Railway transport 


wives 


Railways of the future 
Balloons, blimps and dirigible 
History of aircraft 

t 
ane work 


Modern airer 


Howanaer 


Helicoptersand autogyro! 
Road building 

Traffic engineering 

sand air traffic 


Tunnel 
History of bridge: 


engineering 


Mod 
Harboursand 


n bridge 


Jocks 
Canal construction 
Building dam 

Water supply 
Sewage treatment 


Working with cerami 
Materials for building 
Making large 


Building wit 


h local resource 


Early weaponsand defence 


Development of firearm: 


Automatic we 
History of artillery 
Modern artiller 

Armoured fig 


ting vehicles 


Fighting ships: theage of sa 
Modern fighting ship: 

Early military aircr 
Modern military aircra 
Nuclear, chemical and t 


Chemical engineering 


Soaps and detergents 
Fireworks and explosive: 
Colour chemi: 


Cosmetics and perfumes 
Rubber and plast 

Fibres for fabric 

Makingcloth 

Making paper 

Small technology in the home 
Everyday machines and mechanisms 


Codes, cyphers and secret message: 


Communication throu; 
History of printing 

Modern 
Copying and duplicating 
Newspapersand 
Booksand publ 
Reference booksand encyclopedias 


ations: telegraph 
Communications: telephone 
Communications: radio 

Communications: television 
Sound recording and rep 
Viedo recordin 
Radar and sonar 


oducing 


d reproductioy 


Crime prevention method 


Crime detect 
c 


n methods 


1 of farming technology 
The small farm 
The farming corp 


ation 
Farm mach 
Theli 
Watera 
l} 


Protecting crops 
Organic farming 
Plant genetic reso 


Staple foods; grain 
Bread and pasta 
Staple foods: pulse 
Staple foods: tubers 
Vegetable: 


Green salad: 
Temperate fruits 
Tropical fruit 


Su 
Origins of win 


Vines and grape 
Wi 

Beer 
Spiritsand distilling 
Coffee, 


ind brewing 


nd cocoa 


Seeds and spices 
cu 
Berries, n 
Fibreand¢ 
Forestry 
T 


Trees: problems of clima 


nary and medicinal herbs 
sand olives 


e modern tree nu: 


and disease 


Farm stock breedi 


ilk 


cand cheese 


Cattle for be 
Dairy pro 
Pigsand sheer 
Cuts of me: 
Porkand ha 

Poultry and egg producti 
Poultry and game 

Con 

Fish farming 


mercial fishing 


Fish of pon: 
Fishes of th 


Shellfish and other seafood: 


Food prese 


The future of food 


Land uses 
World food r 
Pollution of the air 


Misuse of the land 


Energy forthe future 


Early technology 


Perhaps the first event in the history of tech- 
nology was the making of a crude stone hand 
axe more than a million years ago. Another 
achievement of prehistoric technology was 
the control of fire for hardening the points of 
wooden tools and weapons, By the end of the 
Old Stone Age, some tens of thousands of 
years ago, man-made objects of stone, horn, 
bone and wood reached high standards. 


Advances in Neolithic technology 

Tt was not until the New Stone Age, or 
Neolithic, however, when man first settled 
down in one place, that there arose a need for 
a technology extending beyond the manufac- 
ture of tools, weapons and garments. 

From about 5000 BC, technological 
development began to increase rapidly. In 
the thousand years that followed, an urban 
civilization arose in Mesopotamia, Ploughs, 
first with blades of stone and later of bronze, 
sledges for transport and buildings of baked 
mud were among the major developments. 

By 3500 BC a number of city states were 
established between the Tigris and Eu- 
phrates rivers, The potter's wheel and the 
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solid cartwheel were introduced not long 
after. The Sumerians also made inventories 
of their property in the first written records — 
cuneiform carvings on clay 

Mesopotamian architecture reached its 
peak in the ziggurats, great stepped buildings 
made from clay bricks laid in a herringbone 
pattern. The Egyptians however had earlier 
built monuments that were even larger, but in 
stone. The Great Pyramid of Cheops still 
stands, 148m (485ft) high and covering five 
hectares (13 acres) yet accurate in design and 
construction to a tiny fraction of a centi- 
metre. One of the greatest feats of engineer- 
ing, it was built without the use of the wheel. 

Far from the Middle East, other civiliza- 
tions began to emerge with their own special 
technological achievements. In ancient 
China, silk was being made as early as 2000 
BC, although it did not reach the West until 
the sixth century BC. The Indus civilization, 
€. 2300 to 1750 BC, built the northern Indian 
cities of Harappa and Mohenjodaro, which 
had vast complexes of houses, granaries and 
wells, complete with the earliest corporate 
drainage and sewage system. 
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By 
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Europe, Africa (excluding Egypt) and 
great tracts of Asia, however, experienced 
only patchy technological developments at 
that time. South America generated an 
elaborate civilization of its own, but not for 
another 2,000 years. The Mayan people (in 
Mexico) remained in a Stone Age, although 
they developed the most accurate of calen- 
dars and perfected an arithmetic that con- 
tained a symbol for zero for the first time. 

Other parts of the world failed to develop 
an advanced technology: until the arrival of 
the white settlers, Australian Aborigines 
continued as food gatherers, relying on 
nature to supply all the necessities of life. 


‘The mastery of materials 
Ancient technology, therefore, developed in 
fits and starts in limited areas of the world, 
Surprisingly the Hellenic Greeks, in many 
ways the most talented of all ancient peoples, 
did not make great advances in technology. 
Although they enjoyed philosophical, 
including scientific, speculation they held 
inventions and manufacturing in low esteem 
One thousand years before the Greeks, 


tools [A] 


2PrehistoricCelts 2 
were the first to fit 
horses with shoes, 

but heavy iron horse- 
shoes were not com- 
mon in Europe in med- 
ieval times. Horse- 
shoes of various de- 
signs are associated 
with certain cultures 
and they achieved 
their final form 
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5 Ci 
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7 
B 16th-century French 


| 3 Greek metal 
5 {A} fashioned del- 
icate ornaments from 


silver at lil 
700 BC. This 
silver, later part 
of the vast wealth 
y of democratic Athens, 
was mined using 
ntirely slave 
bour, In Roman 
| times, mining ex- 
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veloped a curve and 
was set in a wooden 
handle. Medieval har- 
vestors [B] used 
either short- 

handled sickles or 
scythes, Later do- 
velopments include 
the Hainault scythe 
still in use today. 


tended throughout the 
empire and Roman 
smiths [B] were 
busy forming thom- 
selves into power- 
ful guilds, the 

fabri. Much of the 
smith's equipment, 
except for the open 
forge, would be fam- 
illar to a European 
‘smith of today, 


Hittite smiths in Mesopotamia had worked in 
iron, a technology that they handed on to 
many later civilizations [Key]. 

Egyptian tombs were rich in objects made 
from pottery, wood, glass, ivory, copper and 
bronze and, later, iron. During Roman times 
mining activities extended throughout 
Europe and beyond and bronze and iron 
were used in large quantities for armour and 
engines of war. After the rise of Islam in AD 
622, the Arabs became the custodians of 
scientific ideas but, like the Greeks, they 
made few technological innovations. 

Apart from clocks and stained-glass win- 
dows of cathedrals, Europe had contributed 
little new technology for hundreds of years. 
But the fourteenth century saw the start of 
the Renaissance, which released scientific 
thought from religious shackles and in doing 
so promoted technology 


Renaissance technology 

By 1450, Johannes Gutenberg’s printing 
press was active in Germany, European 
canals were busy with trade and early blast 
furnaces were making iron, In the sixteenth 


century mining was improved by mechanized 
drainage and ventilation systems [6]. This 
was also the age of Galileo's telescope and 
many other scientific instruments (7, 8] 

The real breakthrough ~ the large-scale 
generation and control of energy — had yet to 
arrive. When it did, in the eighteenth century, 
technology advanced on many fronts. Wind- 
mills had been in use for a thousand years and 
waterwheels for half that time, but neither of 
these inventions advanced industry gener- 
ally, Then three developments stimulated the 
Industrial Revolution; these were steam 
power, coal mining and iron smelting. The 
application of steam power required the 
engines of Thomas Newcomen (1663-1729) 
and the availability of coal to heat their 
boilers. Coal was also employed in the early 
1700s by Abraham Darby (c. 1678-1717) to 
make coke, and this new fuel was used by him 
in blast furnaces to produce a plentiful supply 
of iron. Later the steam engine, invented by 
James Watt (1736-1819), introduced pow- 
ered transport, and sulphuric acid manufac- 
ture by the lead chamber process established 
the beginnings of the chemical industry 


4 Roman wall- 
building included 
small stones laid in 
mortar, opus incor 
tum [1]. Opus reti- 
culatum [2] was a 
later diagonal pat 
tern, These walls had 
outer vertical angles 


finished with stone 


6 Mines became 7 
deeper and more effi 
cient when it was pos- 
sible to pump out 
floodwater. In this 
16th-century mine, 

a series of lift 
pumps (1), simi 
a village pump, were 
linked by levers |2) 
and powered by an 
undershot waterwheel 
13] driven by a 

nearby natural stream 
or one diverted 

for the purpose. 


7 An accurate therm- 
‘ometer invented in 
the 1760s by J. A. 
Deluc had a brass 
plate [1] that could 
be moved along the 
scale [2] by a screw 
[3], which acted like 
a micrometer to give 


became warmer, it 
expanded into the 
overflow vesse! |4]. 
The whole cumber- 
somo device was sup- 


ported in a carrier (5) - 


Key 


The control of 

fire is fundamental 
to technology. As 
early as 3000 BC, 
copper and tin or 
were smelted in char- 
coal fires, refined 
and alloyed into 


quoins {3}. Opus 
testaceum had a 
brick facing (4) 

often strengthened 
by bonded tiles [5] 
Walls of foundations 
were cast in a tim- 
ber framework [6], 
removed when the 
mortar had hardened. 


bronze. Two thous: 
years later, iron 
‘objects were being 

ide in Egypt and 
where as the re. 
sult of a technique 
handed down by Hit. 
tite smiths, Iron 


5 Medieval stone 
masons, most of whom 
were employed in the 
building of churches 
and cathedrals, were 
among the elite of 
workmen and formed 
themselves into guilds, 
as did the Roman 
smiths before them. 


8 A microscope made 
by the Dutch scien 

tist Anton van Leeu- 
wonhoek (1632-1723) 
is an example of 17th- 
century precision 
engineering. It had 

a single lens 

mounted between two 
plates and ground so 


could not be melted 
over a fire, even 
with the aid of bel- 
lows such as these, 
but it could be made 
red hot and then 
hammered into orna- 
ments and implems 


1 Caving decorated 
tonawork with 

2 Measuring out a 
design on stone with 

mpass and tule 

3 Cutting stone with 
a fame saw 

4 Shaping a moulding 
with pitching too! 


accurately that it 
gave a clearer mag- 
nification than 

other compound mi- 
croscopes made at 
that time. The speci- 
men was mounted on 
the point of the 
longer of the two 
focusing screws. 
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Modern technology 


The great events that directed science and 
technology on to the paths they pursue today 
were the profound social changes that 
occurred in the eighteenth century. One of 
these events was the French Revolution; 
another the Industrial Revolution 


‘The age of revolution 
The French Revolution stressed the need for 
the rational conduct of human affairs. One 
effect was to give a strong impetus to calcula- 
tion and mathematics. This French develop- 
ment inspired the English mathematician 
Charles Babbage (1791-1871) to build the 
first “computer-type” calculating machine. 
‘The Industrial Revolution [4] posed new 
problems. Its central features were the exten- 
sive use of coal and iron and the development 
of the steam engine by Thomas Newcomen 
(1633-1729) and James Watt (1736-1819) 
[2]. Industry was thus presented with the 
prospect of unlimited power, and the 
problem of the nature of power and energy 
was brought to the forefront of science. The 
Industrial Revolution created a new demand 
for a knowledge of the properties of materials 


pushed by two horses 
and could cut an 
3 Agriculture was acre of corn in an 
also revolutionized hour. A large bevel 


by new machines.A gear on the main 


reaper invented bythe axle drove a 
Scotsman Patrick speed shaft that 
Bell in 1828 was worked crank rods 
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and a fresh motive for the development of 
chemistry. It made mankind aware of the 
possibility of fundamental change. 

The Industrial Revolution stimulated a 
search into the principles of motion 
associated with other phenomena such as 
electricity. Michael Faraday (1791-1867) 
conceived the idea of the electromagnetic 
field to explain electrical motions. He also 
demonstrated the principles of the dynamo 
and the electric motor. With the coming of 
power stations, electricity could be generated 
and distributed almost anywhere to factories 
and even individual homes. The new indus- 
tries required fresh sources of new materials 
and so were responsible for an expansion in 
overseas trade. Other countries became mar- 
kets for manufactured goods. 

A few pioneering scientists concentrated 
on working out the laws of thermodynamics — 
the branch of physics concerned with pro- 
cesses involving heat changes. Sadi Carnot 
(1796-1832) gave a mathematical theory to 
the cycles of heat changes in the steam 
engine, as determined experimentally by 
James Watt. James Joule (1818-89) mea- 


1 Thomas New- 
comen's steam engine 
of 1712 was a great 


forced up by steam 
Pressure and the 
weight of the pump 
‘mechanism. A cold- 
water spray [2] con: 
densed the steam, 
creating a vacuum 
which “sucked” the 
piston down, A boiler 
[3] provided steam 
and a tank |4], fed by 
a secondary pump 
[5], the cold water, 


2 James Watt's 
engine of the 1770s 
also condensed the 
steam with water 
butin a separate 


of admitting steam 
to both sides of 

the piston [2], 
greatly increased 
the efficiency of 
the steam engine. 
Pushing the piston 
in both directions 
made it double- 

ing. Watt soon 
adapted it to pro- 
duce rotary motion, 
used for machines 
other than pumps. 


and an oscillating 
cutter bar. A belt 
on the same shaft 
turned the 
of a collector to 

push the corn on to 
the blades, A side- 
ways moving belt 
moved the cut corn 
ide of 

the reaping machine. 


sured the mechanical equivalent of heat (how 
much heat is generated by a given amount of 
mechanical energy, and vice versa) and how 
various other forms of energy are interre- 
lated. From this the concept of the conserva- 
tion of energy was developed - the basic idea 
of physics that energy can be neither created 
nor destroyed, merely converted from one 
form into another. 

James Clerk-Maxwell (1831-79) gave 
expression to Faraday's ideas of lines of force 
acting in space in his equations of the elec- 
tromagnetic field, He showed that light 
waves are a form of electromagnetic waves 
and deduced that other forms, different from 
light waves, might exist. One such form, now 
used in radio, was discovered by Heinrich 
Hertz (1857-94) in about 1887. 

The new chemistry, which Antoine 
Lavoisier (1743-94) had taken the chief part 
in founding, was developed especially in Ger- 
many by Justus von Liebig (1803-73), who 
had received his early chemical training in 
Paris. He was followed by August Hofmann 
(1818-92), who worked for a long period in 
England. Hofmann had a pupil in his London 
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laboratory, William Perkin (1838-1907), 
who at the age of 18 discovered the first 
synthetic chemical dye, mauve, which led to 
the foundation of aniline dye manufacture, at 
first based on coal tar. This was the start of 
the modern chemical industry 


Modern science 

Following Hertz’s discovery of long elec- 
tromagnetic waves, Wilhelm Roentgen 
(1845-1923) discovered short elec- 
tromagnetic waves in 1895 and called them 
X-rays, They came as a surprise to physicists, 
Searches were immediately made for other 
new rays, and in 1896 Antoine Becquerel 
(1852-1908) discovered that uranium 
emitted a new kind of radiation, Pursuing this 
discovery Marie Curie (1867-1934) and her 
husband Pierre (1859-1906) showed in 1897 
that far more powerful sources of this kind of 
radiation existed in the new elements that 
they named polonium and radium. While 
these researches were progressing, other 
scientists were investigating how electricity is 
conducted in gases. This culminated in the 
discovery of the electron by Joseph (J. J.) 


Thomson (1856-1940) in 1897, which led to 
the development of the cathode ray tube, 
valves and the whole science of electronics. 

Developments in atomic theory provided 
scientists with new instruments of investiga- 
tion, Ernest Rutherford (1871-1937) 
utilized radioactivity to discover the structure 
of the atom, and how atoms could be trans- 
muted, opening the way to the release - for 
good or evil - of atomic energy 


Molecules of life 
Lawrence Bragg (1890-1971), working with 
his father William (1862-1942) explained 
how the structure of molecules can be deter- 
mined by means of X-rays, Working in 
Bragg’s laboratory, James Watson (1928- ) 
and Francis Crick (1916- ) discovered in 
1953 the double-helix structure of the 
molecule of DNA (deoxyribonucleic acid), 
upon which one of the fundamental processes 
of life, the transmission of hereditary qual- 
ities, depends. Such knowledge has made 
genetic engineering” possible and led, for 
example, to new strains of crop plants to help 
feed the world’s ever growing population. 


The first cast-iron 
bridge, built over 

the River Severn at 
Coalbrookdale, Eng- 
land, in 1779, repre- 
sented the beginnings 


of iron as a construc- 
tional material. The 
key to cheap iron was 
the development of 

blast furnaces and a 
smelting process using 


coke instead of coal, 
This was introduced 
from 1709, 
Coalbrookdale, by the 
Englishman Abraham 
Darby (1678-1717) 


4 The Industrial world” and stage a 
Revolution began in Great Exhibition of 
Georgian and Victor- Trade and Industry 


ian Britain. Based 

on coal and iron, 

and powered by steam, 
first 


at the Crystal Pal 
ace in London's 
Hyde Park in 1851 
One of the products 
of this industrial 
ization, and the one 
that probably most 
affected the way of 
life of the people, 


could by the mid- 
nineteenth century 
claim to be “the 
workshop of the 


was the factory town. 
By 1851 in Britain, 
more people live 
towns and cities 
than in country 
often 
dominated the urban 
landscape. Thair 
steam-powered mach- 
inery demanded that 
men, women and 

even children work 


for 72 hours a week, 
often in dangerous 
and unhealthy condi 
tions, Textile mills 
produced cotton and 
woollen cloth and 
yarn to be exported 
throughout the world. 
Shown here {left} are 
carding machines and 
spinning jennies. 

Iron foundries made 


everything from pots 
nd pans to great 
iron beams and gird: 
ers and, of course, 
the machines thom- 
selves, But neither 
‘machines nor 
products would have 
been any use without 
an efficient trans 
port system. Improve: 
ment of natural 


the digging of hun- 
dreds of kilometres 
of canals [right] pro- 
vided a transport 
network linking all 
the major industrial 
centres. The itiner- 
ant navvies (short 
for navigators) dug 
the canals, at first 
largely by hand 


using picks, shovels 
and wheelbarrows. 
With the coming of 
the railways in the 
nineteenth century 
the nawvies took on 
the task of making 

nd build- 
rth 


ngs 
ing huge 
embankments. The 
railways completed 
the transport system. 
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The Stone Age 


According to the most recent discoveries 
man's first ancestors, the Australopithecines, 
lived about three million years ago. These 
creatures, only 1.2m (about 4ft) tall, were 
distinguished from apes mainly by their ana- 
tomical features and because they walked up- 
right. If they employed tools then these were 
probably simple pieces of stick as used today 
by chimpanzees. Many Australopithecine 
remains have been found in southern and 
eastern Africa [3] 

We do not know how or when man disce 
vered the use of fire. We are sure, however, 
that by the time of the lower Palaeolithic 
(carly Old Stone Age) about 500,000 years 
ago man not only made fire safely but also 
hardened wood in it to make tools and 
weapons. He also made stone hand axes - 
crude but hard-wearing and effective tools. 
The earliest stone tools date from about 1.8 
million years ago [Key] 


The Stone Age in Europe 

In Europe a series of ice ages continued until 
only 10,000 years ago when the ice sheets 
finally began to retreat northwards, Human 
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fossils from the first half of the Stone Age are 
rare, but it seems likely that the type of man 
called Homo erectus gradually gave way to, or 
evolved into, a number of later types of which 
only one, Homo sapiens or modern man, has 
survived. Human artefacts of this long period 
of the middle Palaeolithic include improved 
types of stone flake tools. These are 
associated with the Levalloisian culture of 
the middle Palaeolithic, located around 
Levallois-Perret in France. 

About 30,000 years ago the last type of 
man recognizably different from Homo 
sapiens (although he is sometimes classified 
within this species) became extinct. This was 
Neanderthal man who had a stooping 
posture, heavy brow ridges and a sloping 
forchead, but whose brain was as large as 
ours. He is associated with the Mousterian 
culture of the middle Palaeolithic, located in 
the region of the River Vézère in southwest 
France. He made fire and elegant hand axes 
and buried his dead with funeral rites 

The rest of the Palacolithic is the story of 
Prehistoric cultures of Homo sapiens: the 


Aurignacian of the upper Palaeolithic, 
1 This “Venus”, car- 2 From the late Old 
ved froma mammoth Stone Age to the 


bone, is from the 
Gravettian culture 

of the Old Stone 

Age. It was one 

of 43 figures found 

at Kostienki in 
southern Russia. It 

is a fertility symbol 
and refers to 

the fertility of both 
woman and the earth. 


time of his settling 
down the Neolithic 

or New Stone Age 
man worked in a num- 
ber of materials and 
made many kinds of 
objects. The cave 
painters made small 


2 


men rather than apes 
have been dug up in 
the Olduvai Gorge of 
Tanzania by Louis 
Leakey in 1959. 
Some date from 1.8 
million years ago. 


4 Man was an artist 
20,000 years ago — but 
his paintings also car- 
ried a magical signifi 
cance. This example 
is from the cave paint- 
ings at Altamira, 
Santanderin Spain, 
which showed various 
animals, and were the 
fitstto be recognized 


located at Haute Garonne, France; Gravet- 
tian of the upper Palaeolithic, located on the 
Dordogne, France; Solutrean of the upper 
Palaeolithic, located at Saône-et-Loire, 
France; and Magdalenian cave dwellers of 
the upper Palaeolithic, located in the region 
of the River Vézère, France 


Sophisticated artefacts 

Weapons of these cultures were often finely 
made [Key C, D]. The Solutreans were part- 
icularly sophisticated toolmakers. But men 
were also becoming creative in a totally new 
way: they began to make carvings repre- 
senting humans and cave paintings of 
animals, 

‘The carvings were dumpy “Venuses” that 
possibly had a magical significance [1]. The 
cave paintings of Lascaux in France and 
Altamira in Spain [4], both of the Magdale- 
nian culture, probably served magical pur- 
poses connected with hunting. 

Men of these cultures also made simple 
stone vessels including lamps [2A], They 
used flint, bones and antlers as materials for 
tools and they probably worked in wood and 


household objects 
such as the stone 
lamps [A] which 

date from 15,000 BC. 
The painted pebbles 
[B] of the Mesoli- 

thie Azilian cul- 

ture date from 10,000 
BC and may be toys 
or magical objects, 


Also Mesolithic, but 
from the Maglemos- 
ian culture of 8000— 


orative animals 
‘ed in amber [C], 
Neolithic tools were 
often elaborately 
manufactured as in 
this flint-bladed 
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bone-handiod sickle of 
about 5000 BC [D], 
Antlers were 

used as picks and 

ox shoulder blades 

as shovels [F], Stone 
tools were used until 
later times in Britain, 

A good example is the 
stone-headed axe [E]. 


leather as well, although these materials have 
not survived. In a later culture the Azilian 
people (located at Ariège, southwest France) 
of the Mesolithic ~ the Middle Stone Age - 
made objects such as painted pebbles [2B]. 
The Mesolithie, lasting from 10,000 to 
7000 BC in the Near East and later in 
Europe, was a time of great changes, The end 
of the Ice Age freed men to wander: indeed, 
it forced them to, because the game animals 
spread out from local areas and became more 
difficult to hunt, In the milder European cli- 
mate forests sprang up. The Maglemosian 
culture (located at Maglemose, Denmark) 
associated with these forests produced some 
carvings that were purely decorative [2C]. 


Man - settled and nomadic 

From 7000 to 5000 BC, in the equable cli- 
mates of Turkey and Mesopotamia, tribes 
that had been nomadic began to settle down 
in the first villages and raise animals and grow 
crops for food. This was the beginning of the 
Neolithic, or New Stone Age. In the fertile 
plain between the Tigris and Euphrates 
rivers, this village life eventually gave rise 


5 AtHabasesti, a also found. Perhaps 
sitein Romania dat- these are copies of 
ing from 3000 BC, items imported from 
edged toolssuchas Anatolia to the east, 
axes and hoes are which was already in 
made of stone and the Bronze Age. 
sickles are edged Habesesti shell orna- 
with flint. Thus ments, with holes 
the site illustrated for stringing, are 
here) belongs tothe probably also copies 
New Stone Ago, but this time from 
Butornaments and the ornaments of 
tools of copper are visiting Mediterr- 


to the first great city civilization, Sumeria. 

In the Near East the Stone Age lasted 
only until 3500 BC after which, as men 
learned how to smelt metals, it gave way to 
the Bronze Age, In more backward northern 
Europe the Neolithic persisted until about 
2000 BC. Intermediates were such village 
cultures as that at Habasesti in Romania [5]. 

The Neolithic was also a time of great 
migrations of peoples, particularly those 
eastwards and westwards from southwest 
Russia. These people spoke the language 
from which many Eastern and nearly all 
European languages have since descended. 

In the West the Neolithic wanderers left 
behind many weapons and tools of stone and 
bone [2D, E, F] as well as clay vessels and 
toys. More impressively, they left behind, 
from the Mediterranean to north Europe, 
massive stone blocks arranged in lines and 
circles erected for astronomical or perhaps 
religious purposes, These stones (megaliths), 
such as Stonehenge, are the last great relics of 
the Stone Age and were probably used to 
calculate the times of sunrise and sunset at 
various seasons of the year. 


anean peoples, 
Neolithic villages of 

the European forest- 

steppe zones were The longhouses had 
often larger than walls of clay ona 


framework of tree 
branches. Roofs 
were reed and thatch. 


English villages 4,000 
years later: Habases- 
ticontains remains 


of 44 longhouses, House furnishings in 
each of which could these villages were 
house 500 people, often surprisingly 
But these were sophisticated. The 
probably bulit and pottery vessels of 
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Habasesti bear a 
distinctive S- 

shaped design. 

‘They were painted on 
red and white bases 
and outlined by 
channelled grooves 
and white, black and 
red paint. They were 
fired, together with 
many small animal 
and human clay 
figures, in top- 
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The earliest tools 

of ancient man wore 
crude stone hand 
axes some of which 
(from east Africa) 

[A] are nearly two 
million years old. 
Much later, about 
50,000 years ago, 
Neanderthal man 
made stone hand axes 
of a more sculptured 
kind [B). These were 
shaped by being ham- 
mered carefully with 
another stone, Late 
inthe Old Stone Age, 
about 18,000 BC, 
Solutrean hunters 
were making very 
elegant scrapers and 
arrowheads |C]. By 
about 15,000 BC 
Homo sapiens was 
also an expert fisher- 
man who carved 
bone harpoons [D]. 
This was the time 

of Cro-Magnon man, 
who was physically 
indistinguishable from 
the various races of 
modern man. 
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draught kilns. 

The Habasesti set- 
tlers were farmers 
who raised wheat and 
other grains, and 
vetches, and kept 
cattle, goats, pigs 
and dogs. The re- 
mains of roe deer and 
wild pigs show, how- 
ever, that the settlers 
also hunted for 
food. Their lives 


were busy and pros- 
perous because the 
settled life allowed 
to collect 
surplus of food, 
weapons and orna- 
Life at Haba- 
had its 
side: defen- 
sive ditches dug 
round the settle- 
it show that 
attack was likely. 
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Fire and bronze 


Man first used metal about 6,000 years agoin 
an era from which the beginning of Western 
civilization can be dated, Earlier the stones 
he had picked up, perhaps first to throw at an 
attacker, had been refined into the sharp 
tools and weapons of the Neolithic (New 
Stone Age). But now a new material was at 
hand - the malleable copper which men first, 
perhaps, picked up as the native (pure) metal 
and beat into the required shape. When the 
pure metal became scarce, copper was 
smelted from the ores containing it. Soon 
man was to find that the rather soft copper 
could be alloyed, by mixing with tin, into the 
harder, more useful bronze. A new range of 
skills was now made possible. 


Increasing use of metals 
The longest Copper Age, that of ancient 
Egypt, extended before the first dynasty in 
about 5000 BC until about 3700 BC, after 
which bronze was used. But bronze objects 
had been made earlier still, in the city states 
of the Fertile Crescent of Mesopotamia 
where the earliest of all known city dwellers, 
the mysterious Sumerians, were also the first 
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1 The ancients left the Bronze Age cul- 
their messages for ture had reached 
posterity in the northwestern Europe, 
graves of their about 1500 BC. The 
dead, whether great corpse is to be 


interred in a round 
barrow, or tumulus 


pyramids or simple 
turf burial mounds. 


This reconstruction grave mound. Such 
dopicts a burial Bronze Age bar- 
ceremony at Egtved, rows and long bar- 
in east Jutland, a rows from the Neo- 
few centuries after lithic (New Stone 
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to use copper. They probably obtained it by 
trading with miners in Asia Minor. 

Europe in general saw the introduction of 
the Bronze Age about 1,000 years later than 
did Asia Minor [Key, 1, 5], although some 
copper artefacts discovered in eastern parts 
of Europe date from times as ancient as those 
of Sumeria (4). 

Beyond the deserts and mountains of 
central Asia, the great civilization of China 
was pursuing its own course, producing 
ceramics and intricate jade and bronze ves- 
sels from 1500 BC onwards. But some 
ancient societies, such as those beyond the 
oceans, in Central America, had no metals at 
all at this time. 

The first civilizations were controlled by 
the priests in theocratic Sumeria, and the civil 
servants and administrators of aristocratic 
Egypt. They also created the first slaves, war 
captives whom it was more profitable to put 
to work than to kill. Thus there was a need for 
both utility and luxury goods, including those 
made of metals, and a labour force existed 
that released artisans to do skilled work in 
shaping tools and ornaments. 


Age) are widespread enormous quantity of 
In western Eu- turf, enough to 

rope. The corpse, strip several fields. 
thatofarich young The dead woman 


woman, was discover- wore a belt orna- 


ina 


split and hollowed tree 
trunk. The coffin was 

enclosed in a heap ie grave objects 
of stones and then laid out for the 
surrounded by an ceremony are var- 


The largest class, however, remained the 
peasant farmers. They also needed metals, in 
the form of ploughs, hoes, axes and other 
edge tools which in Neolithic times had been 
made of wood and stone, In times of war, 
many peasants were recruited as soldiers and, 
as at other times in history, peaceful metal- 
working was adapted to the production of 
bronze helmets, battleaxes, spearheads, dag- 
gers and later swords, 


Bronze Age achievements 
Huge sacred buildings were constructed by 
slaves both in Mesopotamia and Egypt. In 
Mesopotamia, pyramidal ziggurats were used 
for astrological observations and as temples. 
In Egypt, the pyramids were the greatest and 
grandest tombs ever built. Interred with each 
Egyptian luminary were all kinds of domestic 
and luxury objects to be taken into the next 
world. The tomb of the pharaoh Tutan- 
khamen, the most intact yet discovered, con- 
tained a wealth of luxury articles made of 
bronze, gold, silver, ivory and glass. If a rela- 
tively unimportant 18-year-old pharaoh 
deserved all this, then it is probable that even 
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ied and plentiful, high flanges on 
since they are either side — and 
those of a rich small thrusting 
woman, They include swords with hilts 
weapons, jewellery only large enough for 
and pottery, The a three-fingered grip. 
weapons are typical Decorations on the 
of the period and weapons echo those 
culture: numbered of Mycenaean Greece 
among them are about 1500 BC, 
taves- narrow The background to 
bladed axes with the scene is an as- 
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pect of Bronze Age 
agriculture, a cart 
drawn by. 
could have been scat- 
tered in front of 
animals to be 

trodden in by their 
hoofs. The harvest, 

if itwas of grain, 
would have been 
reaped with 
bronze-bladed sickles. 


richer tombs once existed, containing still 
greater funeral hoards 

Egyptian civilization, with only a few 
major upsets, endured for more than three 
thousand years. In contrast, the civilizations 
in Mesopotamia came and went over the cen- 
turies. The Sumerians, who had invented 
writing and the wheel, disappeared and were 
replaced by the Akkadians by 2350 BC. The 
Akkadians left behind one of the great 
Bronze Age sculptures, that of their warrior- 
king Sargon I, which still survives. In their 
turn, the Akkadians were swept away by the 
Amorites, who gave way 1o the Hittites in 
2000 BC. The Hittites came from Ana 
and were the greatest of ancient ironworkers 
and steelmakers. They belong not to the 
Bronze Age but to the suc 


olia 


eeding Iron Age 


Technology of metals 
Why copper and bronze should have been 
employed for so long to make axes, hammers 
and heavy weapons is at first glance odd. 
since iron ore was plentiful, and iron is harder 
and tougher than bronze. 

The answer to why the Bronze Age lasted 


2 Unable to multi- 2 
ply or divide, the 
ancient Egyptians 
achieved a wonder 
of practical mathe: 
matics when they 
built the Great 
Pyramid. Its base 
covers an area of 5 
hectares (13 acres) 
yet differs from a per 
fect square by only 
1.5cm (0.6in). The 
stone blocks of 
which the pyramids 
ware built weigh 

up to 1,000 tonnes 
and were moved into 
position without 

the use of either 
rollers or wheels 


4 


for more than 3,000 years partly lies in the 
technology tha able. Copper will 
melt at 1,083°C (1,981°F), whereas iron 
melts at 1,539°C (2,802°F), and cannot be 
melted for moulding without the use of some 
kind of force draught or blast furnace, Eve 
the Hittites lacked such a furnace: they beat 
the metal out of roasted, but not melted, ore. 
True smelting of iron came even later. 

Bronze could be strengthened by the 
addition of small amounts of zinc, antimony 
and other elements that improved its hard 
ness and toughness. These elements were at 
first present in ancient bronze as impurities, 
but later were probably added deliberately 
At first, the mixtures of copper and tin or 
their ores [6] were made haphazardly. But 
later, as skills improved, they were mixed in 
definite proportions for different bronzes 

The Sumerians also hardened bronze by 
hammering, and made nails from it. They 
made wire, sheet and castings (in gold and 
silver, also) in clay moulds by the cire perdue, 
or lost wax process, which continued to be 
used for thousands of years (as in the Benin 
sculptures of West Africa), 


was avai 


4 Atorracotta 
figurine from the 
Copper Age of 
Romania dates from 
before 3500 BC, 

and gives some idea 
of the spread of 
culture along the 
River Danube during 
the time of the 
earliest metal ages of 
Sumeria and Egypt. 


5 Across the Black 
Sea, north of the 
Fertile Crescent, 
traces of the Copper 
and Bronze Ages 
have been found in 
the Soviet Union, 
This axe (top [A], side 
(B}) was found at 
Fatyanovo and dates 
from the early Bronze 
Age, about 1000 BC. 


3 Some Egyptian 
tombs have pictures 
carved in relief in 
rock. Others have 
paintings executed in 
water-based paints, 
to which were often 
added honey, gum or 
ogg white to give 
substance to the col- 
our. The pictures 
themsalves provide 
a record of the 
ways of life in 
various classes of 
Egyptian society, 
Officialdom, as in 
all civilizations, 
thrived; here a dig 
nitary is attended 
by many servants, 


Surviving Copper 
and Bronze Age 
facts ara not all of 
‘metal. This pottery 
model wagon of about 
4,000 years ago, was 
found in Hungary. 
More common finds 
are metal axeheads 
like these, from Egypt 
and Czechoslovakia, 


6 Bronze alloys are 
made primarily from 
two metals, tin and 
copper. In the metal- 
lurgy of the Bronze 
Age bronzes could 
have been made ~ and 
probably were ~ in a 
number of ways. Tin 
occurs mainly in nat 
ure as an oxide of 

tin called cassiter. 

ite [A], which is 

often found in rivers 
or lakes as an alluv- 

ial deposit. Copper 
also occurs as many 
kinds of ores, as well 
as the “ready-to-use” 
native metal [B]. 

In some regions, a 
Copper Age preceded 
the Bronze Age. 
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The Iron Age 


Man might first have encountered iron as a 
gift from the heavens: iron meteorites could 
have supplied the metal for weapons and 
ornaments made in about 3000 BC or even 
earlier. The manufacture of iron tools had to 
wait another thousand years until the 
introduction of iron smelting - the extraction 
of the often impure metal from iron ores. 
Iron's high melting temperature means that it 
cannot be melted directly over a wood or coal 
fire. Some kind of forced-draught, or blast, 
furnace must be employed to attain the 
required temperature of 1,539°C (2,802°F). 

Primitive smelting ovens did produce a 
malleable iron of fair quality and were used 
for several centuries in different countries. 
Tron was of fundamental importance to a 
number of civilizations and by the first cen- 
tury AD the Noricans, Parthians and Chinese 
were able to produce mild steel. 


‘The methods of the Hittite smiths 
Iron in the form of bog ore is quite plentiful, 
widespread and easy to get at. To make iron 
objects the ore is first smelted to make a 
“bloom” of iron. It must then be heated and 


hammered to remove the slag, then quen- 
ched in water. This process, repeated several 
times, makes iron of adequate strength. The 
technique was used widely by Hittite iron- 
smiths, the first true technologists of the Iron 
Age, in the second millennium BC [2]. 

These Hittites closely guarded their 
smelting method but after the destruction of 
the Hittite Empire in 1200 BC the smiths 
were scattered, so that other tribes and 
nations benefited from their skill in making 
tough metal tools, At this time a kind of steel 
~ iron containing 1.5 per cent or less of 
carbon ~ had also been made and was used 
for tools and weapons needing a sharp cutting 
edge. An carly Iron Age spearhead or sickle 
[3] was limited by lack of a socket, which 
could be made only by casting the metal in a 
mould. A few socketed iron weapons have 
been found dating from as early as the second 
millennium BC but their sockets are made 
from gold or copper (copper melts at 1,083°C 
[1,981°F] and gold at 1,064°C [1,947°F], so 
these metals could be melted over a fire for 
casting), Iron swords of this period were 
stronger and less brittle than bronze ones, 


1 Iron ores are very 
common and wido- 
spread, second only to 
those of aluminium. 
But early Iron Ag 
man would not h 
used the richer ores 
such as haematite and 
magnetite, which can 
contain as much as 
60% iron. These ores 
must be mined. He 
would more probably 
have first exploited 
bog iron ore which, 

as its name implies, 
occurs freely in 
marshy ground. tt 

is formed by the de: 
composition of other 
iron minerals and is 
finally precipitated 

in the water by th 
action of bacteria, 

It needs only to be 
sieved outto be 
used, However, by 
850 BC several other 
iron ores were being 
worked in Europe, 
and this map shows 
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the regions occupied 
by various peopl 
8 who worked iron 


Unoxeavated 


3 Maiden Castle is fortress with six 

a large Iron Age phases of ramparts 
fort in Britain, The (1-6), the earliest 
site, a saddleback dating to about 500 


BC. The iron arrow- 
head and small sickle 
and the bronze belt 
buckle [A] are ob- 
jects that were made 


hill [B], was occupied 
from Neolithic times 
(3rd millennium BC) 
and by 100 BC had 
grown to a town-sized 


More peaceful carly Iron Age objects 
include the tongs, hammers and anvils used 
by the ironsmiths themselves, and iron nails, 
a great improvement on bronze nails that 
were of only limited strength. 

The first iron ploughshares, from Pales- 
tine, date from about 1100 BC but the 
Greeks of the sixth century BC, do not seem 
to have used iron for this purpose and iron- 
shod ploughs became common only in 
Roman times. By 600 BC the Catalans of 
northeastern Spain were able to soften, but 
not melt, iron in a type of furnace having a 
forced draught provided by bellows. 


Romans and their use of iron 
If the Hittites were the first ironsmiths, then 
the Romans were the first mining engineers. 
Sites of Roman metal mines range from 
southern Scotland to southern Spain in the 
west to Romania in the east 

As would be expected, Roman iron and 
steel were put to many military uses. The 
famous short-sword, the nine-foot spear and 
the cuirass inherited from the Greeks were all 
made largely of iron, Later Roman soldiers 
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by a Wessex Iron 
Age people who in- 


many artefacts made 
of iran, including rings, 


habited Maiden Castle axes and “currency 
from about 100 BC bars" (shaped like 
until AD 70; they swords) that were 
were known at the used for trading. The 


time as the Duro: 
triges. These Celts 
also left behind them 


castle was attacked by 
the Romans under 
Vespasian in 


CONNECTIONS. 
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and oo 
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2 Earliest of man- 
made iron objects 
were ornaments and 
small weapons, dating 
from before 2500 

dag- 
ger-sword |A] was 
somewhat later. 


been beaten out from 
heated iron ore. This 
produces a relatively 
crude form of iron 
but the Hittite 
entually be- 
came the masters of 
iron technology. 
They influenced 
European ironwork, 
such as this collar 
[B]. By 500 BC, in 
Styria and Carinthia, 
central Europe, iron: 
smiths were making a 
kind of stee! by ham. 
mering charcoal (a 
form of carbon) into 


primitive iron tech- 
nology from Chieti, 
Italy. It dates 

from about 600 8C. 


‘AD 43 and a cemetery 
of the defenders 

has been found, The 
castle continued to 
be occupied until 
about AD 70, when 

it was replaced by 

the nearby Ro! 
town of Dorchester. 


also used iron long-swords and throwing 
spears and shot iron darts from their 
catapults. Iron-headed battering-rams had 
been used since the time of the Assyrians; a 
Roman improvement was the terebra which 
bored into battered walls and gates. 

In architecture the Greeks had made the 
most imaginative use of iron, in wrought-iron 
beams. In the construction of the Parthenon, 
such beams acted as cantilevers which held 
up the heaviest statues on the pediment. The 
Romans later made use of T-shaped iron gir- 
ders, as in the Baths of Caracalla where they 
help to support a dome 36m (11 8ft) across. 

Little is known about mining and metal- 
lurgy in the early Middle Ages except that 
Saxon miners were at work in the Harz 
mountains before AD 1000. Knowledge of 
later medieval mining technology is much 
greater, due largely to a single man, the 
Saxon physician usually known as Agricola, 
His great book De re metallica (1556) details 
methods and machinery and demonstrates 
that mining was a profitable industry 

Centuries before Agricola’s time, the iron 
industry was lively but was what today would 
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be called an armaments industry. From the 
time of Charlemagne (AD 742-814) 
onwards, iron armour was invented afresh, 
very little being copied from the Romans. 
Later there evolved a totally new iron tech- 
nology- the manufacture of iron firearms [5] 


Iron smelting and casting 

The final great discovery of the Iron Age 
was that iron could be melted and cast in 
moulds. The first blast furnaces were 
developed as enlarged versions of medieval 
Stiickofen. They used first charcoal, then 
coal, both as fuel and as a necessary ingre- 
dient (carbon) for the smelting process. By 
1711, Abraham Darby (1678. 1717) in 
Coalbrookdale, England, began to use coke 
to smelt large quantities of ores to make 
good-quality cast iron suitable for forging as 
well as for casting in sand moulds. Previously, 
cast utensils, such as pots, could be made only 
from expensive metals such as brass. Soon 
every home in the land had cast-iron cooking 
pots and pans. Iron was used for making 
bridges and railways, The Industrial Revolu- 
tion and the age of steel had begun 


pas 


4 After the fall of 
the Roman Empire, 
metalworking in 
Europe declined, sur 
viving mainly in the 
elegant iron swords 
made by the Burgund- 
ian and Frankish 
smiths, which had 
patterns formed by 
strips of welded 
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8th century AD, 
were clothed in heavy 
iron armour of a 
design that owed 
little to the Romans: 
the Germanic 
conquerors of the 
Roman Empire had 
apparently despised 
the thought of copy- 
ing armour of a 
defeated foe. 

zame later still 
an import from the 
East. This feudal 
knight wears up to 
50kg (110b) of mail 
and plate. Mail was 
made from rings of 
iron wire riveted or 
welded together and 
shaped to cover the 
arms, feet and head, 
By the 14th century, 
plate armour, origin- 
ally a reinforcement 
for chain mail, was 
beginning to take its 
place, Ironsmiths 
were by this time 
adept at shaping 
accurately the 
joints necessary for 


were also skilled 
at producing decor- 
ative metal inlays. 


6 Coke smelting was 
first introduced 

by Abraham Darby 

in Coalbrookdale, 
England (shown here) 
inthe early 18th 
century. It replaced 
the use of charcoal, 
which was dependent 
on failing supplies 

of wood, and greatly 
accelerated England's 
rapid industrial 
development, 


iron Age peoples 
occupied hill-forts 
in many parts of 


Europe often fort. 
ifying them, as here 
at Maiden Castle, 


England, with a 
of concentric 
ramparts, 


5 The first iron 
cannon and mortars 
were brittle and likely 
to blow up in the 

user's face, From the 
15th century they were 
cast in a more 

reliable iron. 
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The Steel Age 


Ten thousand years ago the technology of our 
ancestors was based upon the use of stone, 
three thousand years ago upon bronze, and 
two thousand years ago upon iron. Thus we 
refer to the Stone Age, the Bronze Age and 
the Iron Age. There is no corresponding 
period that archaeologists can specify as an 
age based upon steel. Steel has been made in 
large quantities for only about 120 years, 
during which time it has become vital to our 
civilization. But the origins of steel lie in the 
remote past. 


The first steelmakers 
Plain or mild steel, as used in a host of 
applications, is an alloy of iron with a little 
carbon, More particularly, mild steel con- 
tains between 0.15 and 0.25 per cent carbon, 
partly in the form of iron carbide or cemen- 
tite. Steel is much harder than pure iron and 
less brittle than cast iron (which contains 
more carbon than steel does); its strength, 
toughness and springiness account for its 
great usefulness, 

The first makers of iron tools and 
weapons on a large scale were the Hittites, 


1 A complex modern 
steelmaking plant 
uses coal as the ini- 
tial fuel. iron and lime- 
stone [1] are brought 
in by train or ship 
and are conveyed 

12] from storage to 


a blast furnace. 

But some ore and 
limestone are first 
heated with coke 
[3]. Coal from a coal 
store [4] is con- 
verted into coke in a 
coking plant (6). All 


and it was men of a subject tribe of the Hit- 
tites, the Chalybes, who first made steel in 
about 1400 BC. Chalybean steelsmiths in 
Asia Minor employed a cementation process; 
that is, they hammered hot but still unmolten 
iron together with charcoal until the iron 
became steel. During the hammering, carbon 
from the charcoal diffused into the iron, 
forming cementite — hence the name. 


Moulding and hardening 
Variations on the cementation process con- 
tinued in use for more than a thousand years, 
spreading from the Middle East into Europe 
and India. But is was in southern India that 
iron was melted for the first time and steel 
cast into moulds. The Romans imported this 
steel in the shape of small, rounded cakes. 
‘They thought that it originated in China and 
called it “Serie” (meaning Chinese) iron 

In Europe steel was sometimes made 
directly from an ore with the correct carbon 
content, but this was rare. More often steel 
resulted from the cementation process and, 
from the eighth century AD onwards, 
cementation steel began to be exported from 


these materials are 
then fed to the blast 
furnace [6] in which 
iron reacts with ca 
bon from the coke and 


house [7] supplies 
the furnace air, 

which is preheated 

in heat exchangers 
[8] by hot gases [9] 
from the blast furnace, 
Too much carbon is 
absorbed by the iron 


molten slag. A pump 


the iron-rich parts of central Europe known 
as Styria and Carinthia. This steel had been 
further hardened by quenching it from red 
heat in water, It had taken a long time for this 
tempering technique to be learned, probably 
because the earlier known metals copper and 
bronze, quenched in this way, become softer. 

By the fifteenth century early printers 
were using steel punches in the manufacture 
of their type moulds and, midway through the 
seventeenth century, tempered steel coach 
springs first added a little comfort to travel on 
Europe's rutted and pot-hole-strewn roads 
Such examples show a thorough appreciation 
of the possibilities of steel but these were not 
to be fully realized until cheap steel became 
available with the coming of the Bessemer 
furnace in the 1850s. 


‘The Bessemer process 
A great problem with early steel was the pre 

sence in it of slag waste from the ore, which 
made it difficult to manufacture large steel 
objects without structural weaknesses. This 
problem was solved by the mid-eighteenth 
century as the result of the work of Torbern 


and limestone 
also used in the re- 

fining process. Gas 
from the oxygen fur. 


removed in a second 
basic oxygen furnace 
[10] containing an oxy: 
gen lance [11] fed 
from large spherical 
tanks [12]. Coke 


jing before 
being discharged 
into the atmosphere. 


CONNECTIONS: 


containing between, 
0.15 and 0.25 per cent 
carbon, is poured 
from the oxygen fur. 
nace [14] and cast 
into ingots ready 

for working [15] 


3 


Bergmann (1735-84), a Swedish metallur 
gist, and Benjamin Huntsman (1704-76), a 
British steelmaker. “Swedish” steel had a 
controlled carbon content and was free from 
slag. But it was still quite expensive, In 1850 
the entire output of steel in Britain was only 
60,000 tonnes. Twenty years later, Bessemer 
furnaces, or “converters”, made steel at an 
average rate of one tonne per minute and 
great batches of steel were being made as 
cheaply as cast iron. 

The secret of the Bessemer process 
developed by Henry Bessemer (1813-98) 
from the invention of a bankrupt Kentucky 
steelmaker, William Kelly ~ was that excess 
carbon could be oxidized (combined with 
oxygen) by forcing bubbles of air through a 
mass of molten iron. Moreover, the carbon 
burned to carbon dioxide in the blast of air, so 
acting as a fuel. Once started, the process 
continued without the addition of more fuel 
coal and was thus extremely economical 

Within five years the Bessemer process 
[3] had a rival in the open-hearth method of 
steelmaking [2] in which iron, iron ore and 
scrap steel are melted in such proportions as 


to drive off most of the carbon and oxygen as 
carbon monoxide. This inflammable gas is 
then burned “regeneratively” to pre-heat the 
blast, This efficient operation was, by 1900, 
producing more steel than even the Bessemer 
process. 

The twentieth century saw further revolu: 
tions in steelmaking, notably the develop- 
ment of continuous casting of steel [4] and 
special steels such as those for making 
machine tools and turbine blades. The newer 
steels include stainless steels, which contain 
chromium, nickel and sometimes moly- 
bdenum, and are made in an electric furnace 
[5]. They are used mainly for cutlery, kitchen 
utensils and chemical plant. The Bessemer 
process is being replaced by the basic oxygen 
process [3B] 

By the end of the nineteenth century 
world production of steel was already more 
than 28 million tonnes, In the years since, it 
has received further boosts from the two 
world wars, which demanded steel for arma 
ments, and from the development of the 
internal combustion engine, which has made 
every motorist the owner of a tonne of steel 


2 The Siemens- 3 
Martin open-hearth 
process, in which 
streams of air and 
tuel gas are fed 
alternately on to the 
furnace contents, 

has been used to 
make most of the 
steel during this 
century, but is being 
superseded by elec: 
tric and basic oxygen 
methods. It uses the 
gasos from the mol- 
ten charge to pre- 
heat the air blast 

and so economizes on 
fuel. An alkaline lining 
is used if the ore 
contains phosphorus. 


4 Continuous casting 
is a modern method 
of making steel in the 
form of bars and rods 
cheaply and quickly. 
A casting run [A] 
starts with molten 
f steel being poured 

; into a copper mould 

[1] which is closed by 

a plug |2] at its lower 
end. The steel is 
cooled by water in the 
mould and when it is 
nearly solid the 
plug is withdrawn; 
the moulded steel 
moves down [3] and 
is then further cooled 
by means of water 
sprays before 
being cut into the 
required lengths. 
While the plug is 
withdrawn molten 
stoel is poured con 


ing pro- 
cess [B] had a 
straight, vertical 
cooling section, but 
a newer type [C] has 
a curved section that 
requires less space. 


Steeimaking is often 
hot, tough work, as 
the faces of these 
Japanese steelworkers 
show, Inthe 19th 


Open hoarth. 


Basic oxygen — < A 
Bessemer. wets E 


Electric 
arc 
a as E S 


century men whose 
job it was to tap or 
release the molten 
stoel from the 
furnaces had no 


protective clothing, 
and the intense heat 
could kill them. 

Today automatic con: 
trol protects workers. 


3 In the Bossom 
process [A], cast iron 
is converted into 
stool by blowing air 
through the molten 
iron until all car 

bon and silicon is 
burned out in a huge 
flame. A little carbon 
is then selectively 
ro-added in the form 
of spiegel iron. A 
modern development 
in steelmaking is 

the basic oxygen pro- 
cess [B] in which 
oxygen gas is blown 
on to molten iron. 
The production by 
this process has 
soared since 1970 [C]. 


5 Electric arc fur- 
naces attain very 
high temperatures, 
with all oxygen ex. 
cluded. For this 
reason, they are 
used to make steels 
containing oxidizable 
metais such as chro 
mium and vanadium. 


Metals and their uses 


Iron and its alloys are dominant metals today 
and so it is customary to group all other 
metals into the category “non-ferrous”. But 
non-ferrous metals have little in common 
apart from the negative attribute implied by 
the name. There are more than 20 non- 
ferrous metals of industrial importance and 
some of the chief ones ~ copper, silver, lead, 
tin and mercury — have been known since 
antiquity, Others such as titanium have found 


wide application only recently 

Gold, copper and silver 

The legendary metal gold [1] occurs in nature 
almost exclusively in a native (free or uncom- 


bined) state. First found by chance, it was 
being mined by 3000 BC and was being 
chemically extracted from crushed quartz (by 
amalgamation with mercury) by 1000 BC. 
Gold is yellow and lustrous, outstandingly 
workable for drawing or hammering into 
shapes, and is resistant to corrosion and to 
chemical attack. For this reason it is widely 
used for costly ornaments and jewellery and 
as a means of storing wealth, The main pro- 
ducers are the USSR and South Africa 


3 A new alloy of 
aluminium containing 
20% of tin was 
developed by tin 
researchers to im- 
prove the strength of 
White metal bearings 
and meet modern 
higher bearing loads. 
Here, an aluminium 
bearing is being 
fitted to a large 

diesel engine. 


4 Ina mercury 
‘switch a pool of 
mercury complet 
electrical circuit. 
Terminals are fused 
into a glass bulb, 
which can be tilted, 

In the “on” position 
tho mercury flows 
around the terminals: 
in the “off” position 

it flows away and 
breaks the connection, 


an 


The conventional test for gold is to drop 
hydrochloric or nitric acid separately on to 
the metal; pure gold resists them but dis- 
solves in a mixture of the two, known as aqua 
regia. Other solvents for gold are chlorine 

vater, alkaline cyanides and mercury. Gold is 
extremely soft and generally used only in 
alloys, usually with silver or copper. The 
number of “carats” indicates the number of 
parts of pure gold in 24 parts of the alloy (9 
arat gold is */s pure gold and "/ss copper), 
Copper was being smelted by about 4000 
BC although it was probably found earlier 
than this in its native state. The camp fire was 
probably the original smelting furnace, as 
copper ore among the stones was reduced 
dentally by wood charcoal in the fire to 
yield metallic copper. Nowadays copper is a 
major commercial metal, used at the rate of 
thousands of millions of tonnes a year 

Copper is easily worked and readily 
alloyed [5]. Only silver is a better conductor 
of heat and electricity. Copper is also readily 
joined by brazing, soldering or welding and is 
relatively resistant to corrosion, This 
combination of properties gives it wide- 


1 Gold has always 
been a symbol of 
material wealth and, 
because of its unique 
qualities, has been 
used to create art 
treasures of dazzling 
beauty, such as 

this Graeco-Scythian 
vase [A]. Complete 
freedom from corro- 
sion also makes gold 
technically valuable, 
To minimize contact 
resistance, the 
terminals of electri 
cal sub-assemblies 
such as a printed 
circuit board [B] 
may be thinly electro- 
plated with gold 


5 Alloys of copper 
find many uses in 
marine engineering 
High-tensile brass, 
as that of ship: 
propellers, is bosed 
on Muntz metal con: 
taining about 40% of 
zinc. Other elements 
are often added to 
promote particular 
properties for 

various uses. To 
produce the range of 
high-tensile brasses, 
tin, aluminium, iron 
and manganese may 
be among the addit 
ives used; products 
are sometimes known 
as manganese bronzes 
although technically 
they are brasses. 


spread uses in electrical work or where heat is 
to be transferred quickly — as in radiators. 
Often it is used in its pure state, at other times 
in one of its many alloys such as brasses (with 
zinc) and bronzes (with tin) 

Silver is another legendary metal, often 
mentioned in poetry and story, It is thought 
to have been discovered first as the free 
metal, then in chlorides and later from its 
occurrence with lead in galena ores. Silver's 
main uses are industrial and are based on its 
resistance to corrosion. It is also used widely, 
in the form of salts, for photographic emul- 
sions, as well as for medals, decorative plate 
and other commemorative products. Silver's 
excellent electrical properties determine 
many of its applications and its value makes it 
suitable as a means of storing wealth. 


Lead, tin and their alloys 
Described by Shakespeare as “base” (com- 
pared with the “nobler” metals), lead [7] has 
a long history. Yet it is not found free in 
nature. It is thought to have been discovered 
by accidental smelting, much in the same way 
as copper. In this case, however, the ore was 


2 Bronze is thought 
to have been the 
first metal alloy 
ever made, although 
itwas probably 
produced originally 
by the accidental 
smelting of mixed 
ores of copper and 
tin, People in the 
Middle and Far East 
used it both for 
practical objects such 
as mirrors and for 
‘ornaments such as 
this Egyptian cat, 
which is thought 

to have been sculp: 
ted and cast in 
bronze at least 
4,000 years ago. 


Ss A 


CONNECTIONS 
See also 


galena (I 
ave been fo 
BC. The R 
water pipes, k 


sulphide). Tumblers of lead 


and in remains dating from 3500 


mans used lead extensively for 


own in English as" plumbing’ 
wm being the Latin name for lead 


plum 
and it was later used as a roofing 
Lead has low 


melting-point (3 
(620°F]), is easily cast and makes a number 
valuable with 


alloys ~ with tin for solders. 


antimony for electric storage batteries and 


with several other m alloys for be 

ngs and as sheathing for electric cables. An 
organic compound of lead is used in petrol as 
an anti-knock additive. In recent years there 


has been concern about the amount of lead 


(which is a ps 

In antiquity 
bronze, but compositions 
Again it is tho 


son) in the environment 
tin was used in the alloy 


were variable. 


ght that the first discovery was 
due to accidental smelting of mixed ores of 
copper and tin. Later the alloy was made 
deliberately from the 


component me 
Today its main use is as a coating on steel to 
make what is called tin-plate 


steel from ¢ 


Tin protects 


sion, allows soldering to be 


carried out quickly and easily and is non 
6 Nickel is a non it is alloyed — for 
orrodable metal used example forming a 


with small amount constituent of 
alloying metals in steels for high 
vacuum tubes such strength and low 


as this output valve corrosion, notably 
with chromium in 
stainless steel. 

Nickel also has many 


chemical application 


and in cathode ray 

tubes for television, 

But In most of its 
jetallurgical uses 


ails = ò 


L 


8 Chromium plating. 
here applied 
to car bumpers, 


corrosion, Alloyed 
with nickel it is 
used for resistance 
improves durability wires for electrical 
as well as appear heating elements in 
ance. Chromium is tires and industrial 
a major alloying plants. But its main 
ment inthe making use is as a hard 

of stainless steels or layer electroplated 
other steels that ‘on to the surface 
needextra hardness of steel or 

and resistance tc plastic components, 


toxic; thus tin-plate makes cans for food. 


The second largest use for tin is in solders 


and there are also extensive uses in modi 
bronzes, 


n 
ings [3] and as a 
minor alloying additive to control the struc 


metals for be: 


ture of cast iron. Organic compounds of tin 
have wide applications as chemical stabilizers 
and as biocides for crop spraying; they do not 
contaminate the soil permanently because 
the chemicals break down to harmless inor 
anic compounds, 


Mercury — the liquid metal 

Mercury, the only metal that is liquid at ordi 
nary temperatures, has long fascinated poets. 
who referred to it variously as “fluid silver 
or later “quicksilver”. It was probably known 
by about 500 BC and was prepared by 
its sulphide (also used 
directly as a red cosmetic), with vinegar, or 
simply by roasting it. The Romans used mer 


treating cinnabar 


cury to extract gold from ores. Today it is 
instruments 


micro-switches 


extensively used in scientific 
barometers, thermometers, 
[4] and others — and as 

nitiators” for detonating explosives. 


a compound in 


Coins are now used 
mainly for the lower 
values of money, but 
were once the only 
form of currency in 


international use. 
Thoy need to be 
made of metal. 
such as cupro-nickel, 
hat is fairly strong 


no sign of corrosion 
demonstrating how 
well this met 

attack by ordinary 
water. Roman 
architects made 
extensive use of lead 
in their elaborate 


9 Uranium, which is 
chemical element 
number 92, has the 
highest atomic weight 
of any naturally 
occurring metal. It 

or its compounds are 
used in ator 
tors or bombs because 
itis fissionable, with 
an atomic nucleus 
that breaks down 


and yet resistant 
to corrosion and 

abrasion and at the 
same time readily 
worked into 


shape 


systems of water 
distribution and public 
baths. Very soft 
water attacks lead 
and, since an accum 
ulation of the metal 
in the body is poison: 
ous, lead pipes are 
now rarely used to 
carry drinking water. 


when bombarded with 
neutrons, yielding 
further neutrons that 
stablish a chain 
reaction, Trans 
uranium elements are 
also formed in reactor 
piles such as these and 
in bombs; they include 
the metal plutonium 
probably the most 
dangerous of poisons 


399 


Aluminium and its uses 


Before about 1890, few people outside the 
scientific community had heard of 
aluminium. Yet today this metal and its alloys 
are among the most versatile of those com- 
monly used by man [Key]. They are particu- 
larly valued by the aerospace industry, which 
makes good use of their three principal 
Properties: lightness, strength and non- 
corrodibility. Aluminium’s excellent elec- 
trical conductivity [8] also makes it important 
in high-voltage electrical conductors. 


‘Location and extraction 
Aluminium is the most abundant metallic 
element in the carth’s crust. It is chemically 
reactive and so is never found naturally as a 
free element, but always in combination with 
other elements. It is a constituent of nearly all 
kinds of rock and its average concentration in 
the upper 16km (10 miles) of the earth's crust 
is eight per cent. Commercially it is extracted 
from a mineral called bauxite, a weathered 
aluminium oxide found in many countries. 
Aluminium was first isolated in 1825 by 
the Danish scientist Hans Christian Oersted 
(1777-1851). At the beginning of the cen- 


1 Bauxite mine 

2 Transport of bauxite to 
‘extraction process 

3 Bauxite store 

i 


nd 
‘water to form a slurry 
& Addition of soda ash 
7 Heating to dissolve 
alumina (but not 
impurities) 
8 Settlement tank 
9 “Red mud” of impurities 
10 Filter 
11 First settlement tank 


nk 
13 Kiln in which hydrated 


jior 
15 Carbon-lined electrolysis 
16 99-8% puro aluminium 

7 


17 Refining col 
19% pure aluminium 


3.World primary aluminium production 
(million tonnes) 


tury the British chemist Humphry Davy 
(1778-1829) had postulated the metals 
existence but had been unable to isolate it, It 
was not until 15 years after Ocrsted’s dis- 
covery that enough aluminium was produced 
to establish some of its properties - notably 
its low density. Napoleon II (1808-73) 
believed that such a lightweight metal could 
have an important future in military applica- 
tions and provided money for the French 
chemist Henri Sainte-Claire Deville 
(1818-81) to develop a process for the large- 
scale production of aluminium. 

Deville devised a process based on the 
chemical reduction of aluminium chloride 
using sodium metal and aluminium was first 
displayed publicly at the Paris Exhibition of 
1855. At this time it cost about $250 per 
kilogramme, but by 1886 the price had 
dropped by $15 per kilogramme and a total 
of 50 tonnes had been produced. 


The of aluminium 

The future of aluminium was assured in 1886 
when, at almost the same time, Charles 
Martin Hall (1863-1914) in the United 


G 
Primary aluminium, North Conai 
a) ‘aa America nd So 


extracted from ore 


Wester 
and South Europe 


States and Paul Héroult (1863-1914) in 
France devised the process for extracting 
aluminium by electrolysis that is still used 
today. They discovered that when pure 
alumina (aluminium oxide) is dissolved in a 
molten aluminium mineral called cryolite 
and an electric current passed through it, 
ium metal is liberated at one electrode 
(the cathode) and oxygen at the other (the 
anode). Within six years of this discovery, the 
price of aluminium had fallen to $1.30 per 
kilogramme. In 1976 the price was about 88 
cents per kilogramme. 

Large quantities of electricity are needed 
to produce aluminium (about 13-18 
kWh/kg). For this reason the industry grew 
up in places such as Niagara Falls and in 
Norway, where cheap supplies of hydraelec- 
tricity are available. But aluminium has 
become so important that most industrial 
countries have now established their own 
aluminium smelting industries, 

Bauxite, generally obtained by strip 
mining, has to be purified before it can be 
used for aluminium manufacture. To be 
acceptable, the bauxite must contain more 


1 The main extrac: 2 
tion process for alu- 
minium makes use of 
electrolysis. Alumina 
(aluminium oxide), 
obtained from baux- 
ite, is dissolved in 
motten cryolite and 
direct-current øloc- 
tricity is passed 
between carbon elec- 
trodes. Aluminium 
99.8 por cent pure 
sinks to the bottom 
and can be further 
purified if need be. 


Attica India and Austral 


Eastorn 
Ei Indonesia and New 


'uropo 


and excluding that 
reclaimed from scr. 
has been produced 
in steadily increas- 
ing quantities over 
the last few years. 
Production doubled 
between 1966 and 
1974, although the 
price (at an all- 

time low of 31c per 
kg in the 1940s) 
slowly continues to 
rise as more and 
‘more uses are found 
for this versatile 
metal and its alloys. 
Recently, more effort 
has been made to 
collect scrap alu- 
minium and re-use it. 


a 


2 The engine of the 
‘Wright brothers’ 
Flyerwas made 
largely from alumin- 
ium. It weighed only 
82kg (1801b) but 
powered the first 
flight at Kitty Hawk, 
North Carolina, in 
December 1903. 


inium, 
the United States, 
is not the greatest 
producer of the ore, 


bauxite, although 
more aluminium (66 
Per cent of the total 
output) is refined in 
the USA than any- 
where in the world, 
The chief producers 


e 
bauxite is mined and 
aluminium refined 
and used. It taki 
4kg of bauxite 
Produce 1kg of alu- 
minium. Current 
worid production is 
26,000 tonnes a day. 
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than 32 per cent aluminium oxide, although yards in 1897), marine and aeronautical Aluminium and its 
the level is usually as high as 451055 percent components, engineering and scientific alloys have a myriad 
in bauxite used today. The Bayer process [1] instruments, paint pigments and bottle caps. f badag naarn eN 
is the most common purification method, During World War I, the German Alfred Many dlffereritale- 
during which the impurities form a “red Wilm invented Duralumin, an alloy of ments may be added 
mud”, although this has caused pollution aluminium with small amounts of copper, to aluminium to pro- 
A ry P duce alloys with a 
Problems for some countries. The red mud magnesium and manganese, which has phys- paragak 
still contains some alumina, mixed with silica, ical properties similar to those of structural properties and those 
and the Alcoa process can be used to extract steel. This was the first of a large range of t 5 properties may be 
this aluminium or to obtain it from orescon- alloys which have greatly extended the use of f fe aaa by 
taining high proportions of silica. the metal, In the United States in 1975 the PRR ing. solution 
There have been various attempts to major estimated uses were building and : ment with various 
develop alternative processes. In 1973 Alcoa construction 26 percent; transport, electrical - chemicals and mech- 
announced a method based on the elec- and containers 15-16 per cent each % i norms 
trolysis of aluminium chloride, which uses30 Modern uses of aluminium are legion: SS zinc are alloyed with 
per cent less power than the Hall-Héroult metal window frames; coinage; saucepans = aluminium to produce 
rocess. There has also been research into and cooking foil; aircraft, bus and train ones prs lc eth 
irbothermic” processes, in which the oxide components; catalysts for the petrochemicals ; anand aie 
is reduced by heating it with carbon. industry; constituents of deodorants; giant 
storage tanks for liquid natural gas [11]; soft a 
The multi-purpose metal drink and beer cans; aluminothermic | arave torpen 
The first major application of aluminium was smelting of high-melting metals such as | make the alloys 
in the manufacture of cast cooking utensilsin chromium; and corrosion-resistant metal suitable for 
the 1890s. In the first decade of this century, paints. Aluminium now pervades the whole > feeria 
usage included electrical conductors (first of modern life to an extent achieved by no 
used for telephone lines in the Chicagostock- other element discovered in modern times. chining operations. 


SThehardnessof s5 6 A thin film of 6 
aluminium is in- oxide rapidly forms 
creased by alloying on aluminium on 

and by heat treatment. its exposure to air. 


When cooled rapidly 
from high tempera- 
tures [A], alloying 
element atoms are 
evenly dispersed, 
The alloy is strength- | 5 
ened by short-term 


Unlike rust on iron 


the oxide film is \ 
hard and non-porous, 


making aluminium 


non-corrodible but Y —— 
difficult to weld, — — 


hoating, called ageing. A 7 Anodizing [A] is electrode) in an further oxidation, 
At lower ageing tem- the name of the elec- electrolyte [1], gener- to form a thicker 
peratures [B] the trolytic process for ally chromic or sul- layer [C], can take 
alloying atoms cluster, deliberately forming phuric acid, The place. Anodized alu- 
making it hard. At a relatively thick circuit is completed minium can be dyed 
higher temperatures film of oxide on alu- through an inert various colours, 

the formation of inter- Minium and its alloys. cathode [2]. The including metallic 
metallic compounds The article to be thin atmospheric ‘ones to make it 

IC] relieves strain, anodized (3] is made oxide layer [B] is resemble, say, brass 
but makes soft alloys. the anode (positive broken down so that or copper. The oxide 


layer is then 

sealed [D]. Letters 
ductivity of alumin- and symbols can be 
ium (Al) is only about made photographic: 


60% of that of copper 


ally. The process is 
(Cu) but Al is lighter 


more than merely a 


and cheaper. Here decorative finish 

[A] weights and resist- and gives a tough 
ances are compared ‘surface that is 

for 1,000m of cat much harder than the 


Diameters: Cu 1-Sem ANN Sem 


9 Polished aluminium 9 
reflects much more 
light than iron and 
nearly as much as 
silver, making it an 
ideal material for 
mirrors for tele- 
‘scopes and other 
optical instruments. 


Cu [B] and Al [C]. original base metal. 


Silver ‘Aluminium ron 


10 . ‘ ' ' 


10 Alloying alu- 11 A largo, spherical 
minium can rob it of “tank” at a nuclear 

some ofits corrosion power station makes 
resistance. To over- 


come this drawback, 

thin sheets of pure 

aluminium can be light, can be polished 

pressure-welded to reflect heat 

to the outsides and is strong enough 

of alloy sheets, to withstand pressure. 
12 Aluminium is soft 
because its atoms 
form a close-packed, 
cubic structure. 
This has many glide 
planes to let the 
atoms easily slide 


over each other. It 
is malleable and easily 
drawn out into wires. 
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Hand tools 


Hand tools are “powered” by the muscles of 
the user. Craftsmen of almost every trade use 
a profusion of many kinds of tools. Modern 
materials and manufacturing methods have 
led to the development of new hand tools 
such as a tool that combines some of the func- 
tions of a plane and a file. But traditional 
forms can usually be recognized immediately 
in the modern version. In addition, today's 
consumer society has led to the development 
of special tools for the amateur ~ gardening 
tools are a good example [2]. Almost all 
craftsmen’s tools have evolved froma limited 
number of standard types and may be 
grouped according to their principal func- 
tion: hammering; cutting; splitting and 
shaping; piercing and boring; measuring and 
marking; grasping and holding; sharpening; 
and screw-based tools. 


Hammering, cutting and piercing 

The most familiar kind of hammer is the 
carpenter's claw-hammer whose primary 
function is to drive nails into wood and, when 
necessary, pull them out. But there are many 
other kinds of hammering tools [1] including 


mallets, sledgehammers and pestles. Black- 
smiths, boilermakers, bricklayers, prospe: 
tors, woodcarvers [4], stonemasons, jewel- 
lers and chemists use a great variety of ham- 
mers, They vary in weight from a 
sledgehammer, almost too heavy to lift, to 
the jeweller’s delicate instrument for embos- 
sing precious metals. Each type has its own 
special form for a particular function. The 
head of the tool may be hard enough to forge 
iron or soft enough to avoid damaging the 
wooden handle of another tool. One of the 
most important parts of the hammer is the 
handle, which must be carefully balanced for 
convenience and maximum efficiency in use 
Cutting, splitting and shaping tools may 
be classified according to the number of cut- 
ting edges they possess. Single-edged tools 
are probably the most numerous, and include 
razors, chisels, gouges, edging-tools and 
axes, Even an axe, which is generally 
regarded as an instrument for cutting down 
trees, and its smaller relation the hatchet, are 
available in many special forms. Knives and 
swords are made in endless variety from the 
sabre to the surgeon's scalpel, The carpen- 


5 2 


3 Woodworking tools * 
have changed lite 

over the centuries. 

This detail from the 
painting "Ch 
the Carpenter's 
Shop" by the English 
Pre-Raphaelite artist 
John Millais (1829-96) 
shows a plane, pinch 

ers and a frame or 
bow saw in which the 
blade is tensioned by 
a twisted cord across 
the top of the “bow” 
Other tools can be 
soen in the rack on 

the wall, including 
chisels, drills and a 
gimlet for boring 
small holes in wood; 
there is a vice 

inthe foreground. 
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ter's plane is an example of a specialized form 
of knife that is used for smoothing [3] 
Another is the bricklayer’s trowel, used for 
applying mortar 

Knives may have two edges, although 
each can function independently, The action 
of scissors and shears depends on two edges 
working in opposition. A file or saw has many 
cutting edges: it may have small teeth for cut- 
ting hard materials or coarser teeth for rela- 
tively soft ones. Saws also vary in the “set” of 
the teeth ~ that is, by the amount each is 
slightly bent to the left or right away from the 
saw blades. In the carver's rifler the cutting 
edges are reduced almost to points and scat- 
tered at random on the surface. And there 
are a vast number of cutting points on glass- 
paper and emery paper 

Cutting tools can be sharpened on artifi- 
cial materials such as carborundum [8], but 
often natural stone is used: old paving stones 
made good sharpeners for cold chisels, A 
rotary stone can be used for sharpening flat 
chisels, but hand finishing is generally neces- 
sary. For curved-edge tools the stones must 
be chosen to match the required shape. 


1 The hammer and 
the G-clamp are 
among the tools 

of the wheelwright. 
First he assembles 
the hub. Then he 


dividually shaped by 
hand, and hi 
them into place. The 
rim, which is made 
in sections, is fit- 

ted on to the spokes 
while the whee! i 
held in a vice. 

Finally a steel tyre 

is heated and fitted. 
As it cools it shrinks 
tightly into place 

to provide strength, 


ter with 
woodcarving tools. 
His delicate de- 

signs ranged over a 
diversity of sub- 

jects including 

fruits, flowers 

and shellfish. They 
can be admired today 
in a number of historic 


CONNECTIONS 


the gardener as well 
as to the carpenter. 
Garden si 


principle of two cut- 
ting edges working in 
opposition to each 
other. Lawn shears 
[A] are employed to 
cut the grass in 
awkward corners that 
would be inaccess. 
ible to. 


rently 
for neatly trimming 
the grass on the 
edges of lawns 
grown on raised beds. 


English houses 
and in churches 

id cathedrals, in 
cluding Petworth 
House in West Sus- 
sex, Canterbury 
Cathedral and the 
chapel at Windsor 
Castle. This orna- 
‘mentation is from 
the intorior of Tri- 
nity College, Oxford. 


materials similar to those evolved by nature. 

In dealing with materials for biomedical 
use, high standards of purity are clearly 
necessary. The ability to produce ultra-pure 
materials has also been a major factor in the 
development of several other modern tech- 
particularly solid-state electronics. 
Just as the properties of a metal can be 
altered by alloying it with some other el 
ment, so its properties may be altered by 
refining it from, say, 99 to 99.99 per cent 
purity. Without techniques such as zone 
refining (in which impurities are concen- 
trated at one end of a rod by melting it) it 
would have been nearly impossible in the 
1950s to prepare materials pure enough to 
make semiconductors and transistors. 


nologies 


The formation of composites 

Another important aspect of materials sci- 
ence is the way in which several materials can 
be combined together to form composites 
Often two or three different materials may be 
blended together in a precisely controlled 
manner to produce a new material with 
properties different from any of the indi 


- 


vidual components. Thus plastics reinforced 
with glass fibre are now used widely in 
automobile bodies and hulls for light boats, in 
which they replace older structural materials 
such as metal and wood. 

Not all attempts to “compose” new mate- 
rials have been so successful. A few years ago 
it was predicted that composites would soon 
replace leather for making shoes. Synthetic 
shoe materials are now available, but some 
companies lost large sums of money on 
research that failed to produce materials as 
good as natural leather. Another case in 
which technology over-reached itself 
occurred with the fan-blades for the Rolls- 
Royce RB2-11 turbine engine. In the original 
specification these were to be manufactured 
from a carbon-fibre reinforced composite 
[5]. Unfortunately this was not satisfactory in 
Practice and more expensive, heavier 
titanium blades had to be used, contributing 
to the company's bankruptcy in 1971 
Despite these failures it seems likely that as 
understanding of the behaviour of matter 
increases, technologists will continue to tailor 
new materials. 


Coins were once 
made from pure, rare 
metals such as gold 
and silver. For 

years now they have 


i 


been made from a 
mixture of cheaper 
metals, as used in 
this stamping mill 
at a mint. Sophisti 


4 The miniaturiza- 
tion of electronic 
circuitry that fol- 
lowed the develop- 
ment of semicon: 
ductor materials has 
produced unexpected 

‘spin-offs. For ex 
ample, animals such 
as this plaice can 
now be fitted with 
‘small radio transmi 
ters so that their 
migration patterns 
can be studied, 


5 Carbon fibres, 

long whiskers of 

pure carbon produced 
under carefully con: 
trolled conditions, 
were heralded as 

the miracle material 
ofthe 1960s. But it 
was not until the 70s 
that their strength, 

8 times that of high- 
tensile steel, light 
weight and cheapness 
made them invaluable 
inthe aerospace 

and car industries. 


6 New materiais ? 
enter into all 

areas of daily life, 
from the transistor 
radio to the instant 
bathroom. With the 
increasing cost of 
traditional build- 

ing materials and, 

in many countries, 

a shortage of 
skilled labour, the 
building or reno- 
vating of houses 

is becoming more 
difficult and more 
expensive. However 
with modern tech- 
nology it is poss- 
ible to mould an 
entire bathroom in 
plastics. It can 

then be lowered into 
place in a house 
where the wall 


7 The most complex 
materials on earth 
are possibly those 
constructed of present in living 
traditional ma. tissuøs such as 

terials that will skin, bone, muscle 
provide the basic and cartilage, To 
structural strength. devise new synthetic 
After afew plumbing materials to replace 
connections have been worn out or damaged 
made the bathroom is parts of the human 
ready to be used. body is one of the 


greatest challenges 
facing materials 
scientists and tech. 
nologists today. For 
internal use, rugged 
materials are required 
that will withstand the 
corrosive environment 
and yet produce no un- 
desirable side reac 
tions, such as inflam: 
mation. For external 


cated alloys and non 
metallic, tailor-made 
materials play an 
ever-increasing role 
in modern technology. 


use, as in this pros. 
thetic hand, the 
ideal is a combina- 
tion of materials 
that will give not 
only the right ap- 
pearance in terms of 
colour and texture, 
but also power and 
diversity of action, so 
totally imitating 

the natural limb, 
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Tailor-made materials 


The development of modern civilization has 
been closely connected with man’s increasing 
ability to master his environment and adapt 
parts of it for his use. For centuries primitive 
man relied on the natural materials around 
him, such as stone and wood, to provide 
shelter and protection. Later he learned to 
modify these materials, producing such 
improvements as pottery, bricks and metals. 
But it has been only during the past century 
that materials science has emerged as a sub- 
ject of real importance that enables the tech- 
nologist to tailor materials able to withstand 
the extreme conditions often demanded by 
modern processes such as nuclear power 
generation or supersonic flight. 


‘The importance of alloys 
Alloys (combinations of a metal with one or 
more other elements) have played an impor- 
tant role in human development for 
thousands of years — a role recognized by 
terms such as the Bronze Age. 

Bronze is generally a mixture of copper 
and tin, with the two components varying 
widely in proportion. By contrast, many of 


1a 


today’s alloys are made largely of a single cle- 
ment, the properties of which are modified by 
the addition of precise quantities of carefully 
defined “impurities”. From the now common 
Stainless steels, made from iron mixed with 
small percentages of such elements as 
carbon, chromium and nickel, the technology 
of materials has advanced through the nickel 
superalloys, which retain their strength even 
when white-hot, to titanium alloys [2] which 
are essential to many jet engines. 


Improvements since the 1950s 

The molecular principles used in producing 
diamond substitutes (and improvements) 
such as boron nitride have spread throughout 
many industries since the 1950s. For 
instance, as, with attempts to achieve more 
speed or efficiency, the conditions under 
which machinery operates become more 
extreme, it has been necessary to develop not 
only new structural materials but also new 
lubricants. In many applications, conven- 
tional mineral oils have been replaced by spe- 
cially tailored chemical lubricants, Some of 
these do more than merely operate effec- 


1 A light aero- 
plane such as this 
Ballanca Champion 
Scout would be impos- 
sible to make without 
the range of modern 


from aluminium ribs 
covered with the syn- 
thetic polymer Dac- 
ron, with glass- 
reinforced polyester 
ips. The Scout 
has a fuselage of 
molybdenum steel 
tubing, also covered 
with Dacron. 


alloy and the wings [B] 


2 The Lockheed 
YF 12A broke four 
major world records 


SR 71, holds the offic- 


just over 3,529 km/h 
(2,205 mph). The air- 
frame is built mostly 
of titanium, a metal 
that was not a 

able in commer 
‘quantities until 
after World War Il 
Titanium has the 
gth of steel 
‘only half 

the weight, hence 
its use in aircraft. 
{cis the ninth most 
plentiful element 
inthe 


tively at high temperatures and pressures 
Some sulphur-containing lubricants, for 
example, are good for “running-in” new 
machinery. Even with modern machining 
techniques, surfaces are likely to be irregular 
and to produce “hot spots” during running, 
which explains why some have to be “run-in” 
cautiously. The sulphur-containing lubric- 
ants react with hot spots, removing them as 
soft metal sulphide particles, which are less 
damaging to the machinery than the small 
metal or metal oxide particles that are ground 
off in the presence of an unreactive lubricant 
Another field in which tailor-making 
plays a crucial role is replacement-part 
surgery [7]. The silicone polymers have made 
an outstanding contribution in this area be- 
cause there is no interaction between them 
and body fluids and tissues. A replacement 
part for a heart valve, for example, has to be 
Fesistant to the corrosive effects of the litres 
of blood in which it will be bathed during its 
lifetime and the blood must not react abnor- 
mally to the presence of material foreign to 
the body. In biomedical technology, the 
trend is now towards the development of 


f 


ns 
erial in the windows 
is Perspex [C], 

and synthetic 
rubber is used for 
the tyres [D] which 
are supported on 
landing gear made 
from a type of 
high-tensile steel, 


Connections 
See sieo 


3 Development of 
new materials has 
been made possible 
by the increased 
range of scientific 
techniques available 
for studying the 
properties of dit- 
ferent substances. 
ron probe 
microanalyser sends 
a carefully focused 


materials 
being studied. From 
the X-rays being 
emitted as a result, 

itis possible to 
identify elements 
Present in the sample 
and analyse for im- 
purities on surfaces, 


Making holes in hard materials calls for 
specialized tools such as drills. Drills are 
generally made of hardened steel that is care- 
fully shaped to deal with the material to be 
cut and the cutting speed. A drill can be held 
in a three-jaw chuck turned by a wheel- 
brace. A drill for boring timber is called a bit 
and is held in the two-jaw chuck of a carpen 
ter’s brace. Electrically powered drills are 
also in common use today 


Measuring and marking instruments 

Science has devised instruments of remark: 
able precision for a wide variety of measure- 
ments, but many of those in everyday use are 
straightforward derivatives of prototypes 
used hundreds of years ago. A vertical is 
defined by a plumbline - a thin cord with a 
weight at one end. The horizontal is usually 
established with a spirit level, a transparent 
tube containing alcohol or other liquid with a 
bubble of air sealed into it, Compasses and 
dividers are used to draw circles and arcs; cal- 
lipers are used to mark out or measure dis- 


tances and micrometers are used to check 
For making 


small diameters accurately 


larger measurements a flexible steel rule is 
more convenient. A set-square is used for 
marking and checking right-angles. 


Grippers and screw-based tools 
Pliers, tongs and tweezers are grasping 
instruments that handle objects more conve 
niently and more securely than the hand that 
manipulates them, They range from black 
smith’s tongs for holding glowing hot iron 
bars to surgical forceps [7]. Workbenches 
and vices are commonly used by carpenters 
and metalworkers. The material that forms 
the face of a vice varies from hard steel to felt 
according to the delicacy of the piece being 
worked on and the force applied. There are 
also other forms of clamp, including G 
clamps [1], locking wrenches and simple 
foot-held straps 

Wood-screws and nuts and bolts are 
made in various shapes and sizes and of var- 
ious materials, including plastics. Screw 
drivers, spanners and wrenches [6] must fit 
their particular job. A tool that is too heavy 
may cause damage; too fine a tool will be 
ineffective and may itself be damaged. 


5 Cobblers’ awis, 
seen in the bench 
rack, are typical 
piercing tools 


8 Ahand grindstone 
is preferred for 
sharpening because 
there is little dan- 

ger of overheating 
the tool. In many 
European cities trav 
elling knife grinders 
can still be seen 
working in the streets 


9 A woodcarver uses 
a set of chisels and 
curved gouges with a 
wooden mallet to cut 
intricate designs or 
make sculptures in 
wood. The tools need 
to be extremely sharp; 
even big cuts 

are made using a 
series of carefully 
controlled small blows. 


Hand tools have been 
developed for a wide 
range of specialized 
jobs. The human hand 
s a versatile instru. 


ment, but unaided it 
has its limitations, 
particularly where 
power or pi 
required. The gouging 


tool used so skil 
by this early engraver 
s. like all other hand 
tools, effectively an 

extension of his hand. 


6 A set of socket 
spanners provides a 
range of sizes with 
a single handle, so 
making the set very 
By means 
of atorque wrench 
they can bo used 

to tighten nuts to 

a precise tension. 


7 A modern operating 
theatre is equipped 
with a wide range 

of precision instru- 
ments made from 
durable, stainless 
materiais, The 
surgeon's forceps 
are a kind of special- 
ized gripping too! 
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Hand-working metals 


Most metals conduct heat and electricity well 
and many common metals can be mixed 
together to form alloys — substances with 
Properties different from those of the parent 
metals but more useful in particular applica- 
tions. Primitive man was not aware of many 
Properties of metals, yet he appreciated their 
toughness and durability, their hardness and 
their ability to be worked into almost any 
desired shape. He also found that some 
metals retain an untarnishable lustre. 
Because of this, and their attractive appear- 
ance and rarity, these metals were used for 
money and personal adornment and became 
known as “precious”. 


Early steps in metallurgy 

Civilized people of 6,000 years ago had 
learned to work with gold, copper, silver and 
Probably tin, The earliest metallurgy 


stemmed from the discovery of native metals 
(which occurred naturally in their metallic 
state), but gradually man learned how to 
extract metals from minerals ~ metallic com- 
pounds ~ by heating them in a furnace, usu- 
ally in the presence of charcoal. By about AD 


2 In india delicate 
for 
decorative purposes 
reached a standard 
1,000 years ago that 
has never been sui 
passed. Methods 
were devised for 
engraving 
filling in 


into a base of 
another metal of 
contrasting colour, 
Two of the best 
metals for decora- 
tive work are gold 
and brass, because 
they are highly mal- 
leable and can be de- 
formed cold without 
splitting. This bra 
engraver in Jaipur 
(Rajasthan) is making 
a tray that will 
probably be sold 

in the West for hang- 
ing on a wa 

many countries such 
labour-intensive work 
would be economi- 
cally impossible. 
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1400 water-driven bellows could make a fur- 
nace so hot that even iron could be smelted. 

Once metal could be melted it could be 
cast by pouring it as a white-hot liquid into a 
mould and leaving it to cool. Gradually men 
learned how to make more complicated 
moulds, designed to open so that the cast 
object could be extracted. But the most 
important early method of shaping metals 
was forging. The metal is not melted, but 
merely softened by being heated to a bright 
orange; then it is shaped by blows from a 
hammer. The smith [1] developed the anvil 
and an increasing range of shaped tools for 
hammering against hot metal [Key]. He 
learned to know the quality of metal by eye, 
to judge its exact temperature and to shape it 
accurately before it cooled. Medieval 
swordsmiths had to fashion blades that were 
hard (and therefore tended to be brittle) on 
the outside, to take a keen cutting edge, yet 
tough and supple inside. 

Over the centuries a host of familiar 
objects gradually matured, differing from 
one region or country to another but each 
serving its purpose. Knives, ploughshares, 


horseshoes, door hinges, clasps, roasting 
spits, fire-irons and spurs were typical 
everyday objects made with no prior drawing 
or measurement but simply by skill and 
experience. The art of the jeweller also relied 
wholly on the craftsman's experience [5] and 
on his manual dexterity in fashioning objects 
that were both valuable and delicate 

It was in the making of jewellery that men 
first used the technique of soldering [7], in 
Which a special alloy with a low melting-point 
is used to join other metal parts. It was also in 
jewellery that metals were first beaten out 
into thin wires, although during the Renais- 
sance a way was found to “draw” wire by pul- 
ling it through a small hole. 


Drawing and welding 

The ability to be drawn is a characteristic of 
metals, stemming from their tensile strength 
and ductility (ability to change shape without 
breaking). Because the earliest metals were 
all fairly soft unless specially treated, for 
example as sword edges, they could be 
readily cut and pierced. This had to be done 
hot with large items, but small objects could 


1 The smithy is 3 
centred around th 


per 
ture Is kept high with 
bellows [1]. Anvils 
aro pierced with a 
tool hole (hardie 
hole) (2) and punch 
hole [3]; the heavy 
body [4] resting on an 
elm block [5]. The 
anvil face [6] term: 
inates in the beak 


near a tool rail (9); 

a water trough [10] 

is used for quenching 
hot work. The smith 
[11] carefully positions 
work for the striker 
[12]. A floor mandrel 
[13] holds additional 
tools near the hearth 
[14]. Blacksmiths not 
‘only shod horses 

but made every kind 
of locally needed 
metal artefact for 
agriculture, engin- 
eering and even 

for the home. 


CONNECTIONS: 


See aiso 
Hard 100s 

Metalworking 
Srat chology 


and transport 


3 This selection of 
Smith's products was 
typical of customer 


back [B] suspended a 
kettle over the hearth 
and could be tipped to 
pour the boiling 


countries in 1200- water safely. A horso- 
1850, during which shoe [C] was an item 
period designs made by the millions 


changed slowly. Door in distinct family 
hinges {A} couldbe designs that often 
made onasmall scale reveal the piace and 
in brass for adecorat- time of manufacture. 
ive casket, An idle A lamp [D] could be 


pinned or screwed 
to a house wall and 
was an item on 
which 


with fine wrought 
ironwork, The 17th- 
century Kentish 
plough [E] is 

still wooden but incor- 
porates vital 

iron components. 
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be shaped cold. The most delicate work of all 
was the beautiful technique of inlaying pat 
terns of one metal into recesses in another 
metal of contrasting colour. Sometimes the 
inlaid pieces were secured by hammering the 
edges of the recesses. But in other cases 
soldering or brazing was employed, the latter 
using a brass (an alloy of copper and zinc) 
which was melted and run into the joints 

By 1800 the technique of welding metals 
using a hot gas flame was being developed 
and by the end of the century it had reached a 
high degree of perfection and been sup- 
plemented by welding with an electric arc. 
Welding. in which some of the metal is 
melted, exerts a profound effect on the 
metal's properties and much patient research 
was needed to find the best methods while 
simultaneously avoiding distortion caused by 
the severe heating 


The value of hand tools 
Craftsmen using hand tools with the manual 
skill and judgment born of experience often 
provide the most efficient solution to many 
metalworking problems, especially where 


4 Modern sculptors tures unobtainable 
use oxy-acetyiene in any other way, 
welding gear to Such techniques also 
cut, join and shape allow a sculptor to 


metals. H itis employ a wide 
made hot enough, the range of materials. 
molten metal flows Atone time, most 


metal sculptures 
were made by casting, 
using metals such as 


and the artist can 
control the effect 
to create new tex: 


iry 
R 
4 
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tasks are essentially creative or the objects 
made to individual order 

The same is true in countless jobs in which 
metalworking plays a part, such as building 
construction, plumbing, farming, motor 
bodybuilding and repair, and in what have 
become known as do-it-yourself handyman 
tasks about the home. A special partis played 
by artists who work with metal, either in 
creating jewellery or in the larger forms 
grouped under the heading of sculpture [4] 

Most of these tasks involve some form of 
joining, such as welding or soldering, and a 
few require a forge. All use hand tools such as 
shears, hacksaws and files to cut, shape and 
trim metal while cold. In nearly every case the 
precise dimensions are unimportant, pro- 
vided that mating parts fit precisely, Even a 
watch-repairer normally works either by 
inserting a standard new part or making 
existing parts fit by eye and by feel. In 
modern manufacturing industry, however, 
the aims are entirely different. Mass- 
production of successive identical items usu- 
ally calls for metalworking machines instead 
of slower human craftsmen 


5 Jewellers fashion 
delicate designs in 
gold and silver by 
brazing previously 
shaped pieces to 
gether. A propane 
torch provides a 
fine needie flame 
the delicate 

parts must be held 
with tweezers, Be 
cause precious metals 
are used, the jewel 
ler must be care: 

ful to collect even 
the smallest pieces 
of waste material. 
Larger ornamental 
pieces, such as silver 
cups and bowls are 
fashioned from a 
flat sheet which is 
beaten with a round: 
headed mallet on 

a leather cushion 
until the required 
shape gradually 
emerges. Final 
shaping may be done 
ona series of anvils 
designed specially 
for this purpose 


bronze. Today a 
sculptor can work 
with high-melting- 
point metals such as 
stainless steel 

Like all welders he 
must wear dark 
goggles to protect his 
eyes from the glare 
and flying sparks. 


6 Riveting isa T 
method of joining 

metals without 

melting them. A 

hole is drilled 

through the parts 

to be joined [A] 

and a hot rivet 

passed through 

it [B]. The end 

of the rivet is 

beaten with a ball 

pane hammer [C] F 

until it flattens 

over, making a 

tight joint [D]. 

Large structures 

such as girders 

and plating on 

ships’ hulls can - 
also be joined ae 
using rivets and 

mechanical hammers. 


Tools for hand- 
working metals have 
changed little over 
the centuries. 

Cutting tools have 
either a single chop- 
ping blade (like a 
chisel), two shearing 
blades (like scissors) 
or many blades (as 
in a saw or file) 
Other tools were 
devised for gripping 
the hot metal while 
a workman bent or 
cut it, Blacksmith's 
tools shown here 
include a hot set 

IA] for cutting iron 
softened at red heat, 
plain tongs [B], 

horse rasp [C], hoof 
clippers [D] and a 
scrolling dog [E] for 
bending wrought iron. 
Also shown are tin 
snips [F] for cutting 
thin sheets, soldering 
iron (G), a cold chisel 
[H], which is used on 
cold metals as op 
posed to hot metals 
and a hacksaw [I]. 


7 Soldering can be 
used for joining 
sheet metal, par- 
ticularly copper and 
brass. In making this 
seam, the metal is 
first bent into 

shape [A]. The metal 
is treated with a 

flux (to clean the 
edges to be joined) 
and the two edges 
“tinned” with a 

film of solder [B]. 
Finally a hot 
soldering iron is 
passed along the 
joint to fuse the 
two tinned edges to- 
gether [C]. There 
are various ways of 
joining sheet metal 
by welding. Butt 
welds can be used 
to join two plates 
in line [D] or at 
right-angles to 
each other [E]. A 
Jap joint [F] is 
welded on each 
side and a corner 
Joint [G] has a 

fillet of weld run 
along each seam. 
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Metalworking machines 


Ever since Hiram of Tyre made the pillars of 
Solomon's temple in metal, men have con- 
tinued to work metals for construction 
mainly by casting and forging. In casting, 
molten metal is poured into a mould; in 
forging, the metal — hot or cold ~ is beaten 
into shape with a hammer. These are still the 
two basic metalworking s. 

Casting and forging can be used to pro- 
duce articles in which accuracy is not of prime 
importance. But when accuracy in a product 
is essential, then foundries supply metal in 
stock forms such as ingots, castings, sheet, 
bar and tube for subsequent machining to the 
required shapes. 


Casting and forging 
Traditional sand casting [1], such as a 
sculptor might use, has to be employed for 
bulky or irregular shapes, especially in iron 
and steel. Huge solid masses, such as a prop- 
eller for a giant tanker, could hardly be made 
in any other way. Even so, the finished 
casting needs to be machined or ground to 
the exact profile and smoothness. 

Some small metal parts can be made by 


1 Sand casting is sand core for a hollow 
themostwidely used in the casting is made. 
casting method. A The sand for this is 
wooden pattern is mixed with sodium 
made upfrom the silicate which forms 
original design, then "silica gel” when 
Packedwithsandup carbon dioxide is 
toits largest cross- pumped through it. 
sectional area in a This “gel” hasa 
steel box [A]. The syrupy consistency 
top partof the and binds the sand 
mouldis assembled, together. The mould 
{tis clampedon to is split and the pat- 
thebottomboxand tern removed. The 
Moresandrammed core is placed in 

into it. Awoodenrun- position and the 
Nerandriserarefixed mould assembled [C]. 
in position [B]. The Runner and riser are 


~ 


a 
Packing mouia 


Adding coro 


E 
Rough casting 
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the repetitive process of die casting [2]. There 
are also special items, such as turbine blades 
for jet engines, which have to be made of 
metals that stay very strong even when 
extremely hot and casting is often the only 
economic way of making them even if they 
are quite small. 

For many other items of all sizes, forging 
can be the answer. The modern equivalent of 
the blacksmith’s hammer is the giant hyd- 
raulic press [Key]. Used for large masses of 
metal, it squeezes white-hot billets under a 
force of perhaps 50,000 tonnes. For small 
Products die forging is used. The soft, hot 
“blank” is banged into shape between two 
Precisely shaped dies which come together in 
perfect register. 

A variation of forging is hot rolling. An 
ingot or “bloom” is passed, glowing with 
heat, between pairs of shaped rollers like a 
giant mangle. It may make dozens of passes, 
Sometimes being reheated, as it grows longer 
and thinner, Eventually it will become an 
exact strip, an angle-section bar, a structural 
girder, a railway rail or, in modern plant, a 
seamless length of tube, 


removed.Molten ° 


‘metal is poured into the 
dried mould through, 
the conical- 

runner. Displaced air 
escapes throught 
riser [D]. After 
cooling, the mould 
is split open and 

the casting removed 
[E]. The runner and 


casting [F] shows 
the hollow produced 
bythe core, 


castings from non- 
ferrous metals, 
Common die castings, 
such as letter boxes 
and door knobs, are 
made from alloys of 
zinc. Instead of a 

sand mould [1A] 
which makes only one 
casting, adie or 
permanent mould [1] 
isused. This is 


F Finished 
casting 


In other modern metalworking techni- 
ques basic metal stock, such as bar, rod or 
tube, is machined to the final required shape. 


Using machine tools 
Machine tools work with much greater ‘power 
than a craftsman can exert with his hands. 
‘They therefore fashion metal parts faster and 
at a lower cost. But far more important is the 
fact that they exert rigid control over the 
workpiece and are cutting or shaping itall the 
time. They can go on making the desired 
number of parts, each identical to the last, so 
that the machine-made parts are 
interchangeable. Each conforms exactly to 
an original drawing showing precise shapes, 
dimensions and tolerances, The tolerances 
indicate by how much a dimension can be 
slightly larger or smaller than the desired 
value, and are measured in micrometres or 
thousandths of an inch. Without modern 
machines a craftsman would be hard-pressed 
to maintain such accuracy and his rate of 
output would be very low indeed. 

Machining a metal involves cuttingit with 
a machine tool such as a milling machine 


made of cast iron 3 Pross tools which 
withrunners[2]and  consistofa die [1] 
risers [3] ikea and a counter 
sandmould,andit die [2] are made of 
canbeopenedtoget _hardstee! [A]. A 
the casting out, For of sheet metal 
ahollow casting, 3} is put between 
the metal cores thetwoand the 

are oithor part of closes on it [B]. This 
the die or retrac- ‘method is used for 
table to release the 

casting. The metal 

may be cast by 

gravity or pressure 

froma plunger [4], 


CONNECTIONS: 


See aiso 
festeetage 
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forming sheet metal 
into various shapes, 
including simple 

bends and complex 
curves. The various 


‘curves may require 
several successive 
pressings, each with 
a tighter curve than 
the one before, on 
different machines. 
The different pross 
operations such as 
blanking (cutting a 
piece tothe right 
shape inthe flat) 

or piercing (making 
holes init) may be 
done on different 
presses or some 
may be combined, 
depending onthe 
size and thickness 
of the material, 


(miller), planer, router or lathe. Millers [4] 
hold the work still while rotating cutters pass 
over it, Planers draw large items past a fixed 
cutter, whereas a router resembles a drill 
which mills the surface instead of boring 
holes. Grinders [5] use another method of 
machining, but instead of having cutting tools 
of very hard metal (or sometimes even 
diamond) they use wheels with surfaces made 
up of millions of hard fragments, each of 
which takes a small cut. Lathes [6] rotate the 
workpiece while tools are arranged to cut it 


Advances in metalworking 

Since 1950 many completely new ways of 
working with metal have been brought from 
the research laboratory to the production 
plant. The aircraft industry pioneered chem- 
ical milling, in which sheets of any size are 
etched away in baths of acid or other corro- 
sive chemicals. Portions of sheet can be pro- 
tected by a surface mask which prevents them 
from being attacked. The rest can be eaten 
away in a controlled way, with no scratches or 
machining marks on the surface. This is 
important because even the smallest scratch 


4 Milling machines, 
cut metal with a 

rotary cutter [1], 

The universal mill 

[Alhas atable which 

can be moved in all 
3 planes [2]. A work 
piece is clamped to 
the table orto the 
dividing head. Gea 
13} allow the work- 
piece to be rotated 
during or between 
strokes. As wel 


‘machine 
can plane a flat work- 
piece [B]. A cutter 

can be angled to mill 
threads. [C] shows 
the dividing 
baing used to ma 
ahelical cutona 
cylindrical workpiece. 


for repetitive work of many different 

@wherelargenumbers kinds are used 
of the same compon. inworkshops. The 
enthave to be made multi-spindle 


from bar or tube fed 
through the chuck 
[1]. Six tools can 
beusedon the tur- 
ret [2], anda front 
tool post [3] on the 
cross slide [4] of 


the saddle [5] can tooled to drill 
carry four more. A allthe holes 
Fear tool postcan inthat component 


also carry tools. 


ining [A] inwhich an 
intense beam of light 
[1] cuts hard mo. 
terial (2 
diamond and tool 
steel. The image of 
the work and that 

of the pattern are 
‘combined on a closed- 
circuit TV display 
Inspark erosion [B], 
ahigh-voltage spark 
etches away small V 
placesof shard 
material. In electro- | : 
chemical machining 
IC], corrosion of 
‘metal in salt solu- 
tion (brine) is 
speeded up using 


6 Turret lathes are 


or imperfection can induce metal fatigue. 

Electrochemical machining (ECM) [8] is a 
variation in which the liquid bath is not corro- 
sive but an electrolyte (carrier of electric cur- 
rent). The workpiece is connected in an elec- 
tric circuit and then eaten away by a shaped 
electrode, rather like electroplating in 
reverse. Another electrical method is spark 
erosion [8], in which even the hardest parts 
are gradually shaped by millions of sparks, 
Yet another, and totally different, electrical 
method is electromagnetic forming when 
massive currents are suddenly switched 
through magnetic coils which slam the work- 
piece against shaped dies. 

In contrast there are other new methods 
of extreme delicacy used for shaping on a 
microscopic scale. Ultrasonic machining [8] 
is a form of grinding, useful for extremely 
hard material or non-metals that must be 
finely shaped. Electron-beam machining 
uses a concentrated beam of electrons to melt 
away parts not wanted. Laser machining [8] 
does the same with an intense beam of light. 
Such methods can be used to shape electronic 
circuits that would easily fit on a pin's head. 


7 Drilling machines 


model shown is a 
time-saver in: 
production. itcan 
be installed as 

part of a machining 
line for a particu- 
lar component, and 


in one operation 


shigh voltage. 
The hole iscutthe 


Ultrasonic machining 
[D] uses high- 
frequency sounds 
beyond the range 

of human hearing 
tovibratea 

cutting tool. An 
abrasive powder 
then cuts through 
the workpiece, which 
couldtherefore be 

a non-metal. A 

cavity is produced 
whichis a mirror 
image of the tool. 
Typical shapes pro- 
duced by these vari- 
ous methods are 
shown in [3,4] and [5] 


In forging, cast ingots 
or billets of metal 


are heated red hot 
and stamped roughly 


toshape in powerful 
hydraulic presses. 


5 Grinding is used 
mainly as a finishing 
operation giving a 
smooth surface. The 
grinding whee! con: 
sists of hard par 
ticles, usually al 
umina or silicon car 
bide bonded together 
with a resin. Three 
types of grinding 
machine are shown: 
the surface [A], uni 


ay 


BAA 


versal [B] and centre- 
loss grinders [C], 


surfaces, [B] is re- 
stricted to internal 
and external cylinders 
and [C] to external 
cylinders or long 
bars. Sections 1, 2, 3 
are soft, medium and 
hard grinding wheels, 


4 


Jutside 
grinding whoet 


External grinding 
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Mineral resources o 


Minerals are the building blocks of rocks 
Some rocks are made up of only one mineral 
while others contain many of them. Only 
rarely do useful minerals occur in sufficient 
concentrations to make commercial exploita- 
tion worthwhile [Key]. Increasingly sophisti- 
cated technology means, however, that 
deposits that were uneconomic to work afew 
years ago can now be profitably exploited. 
New techniques have also made it possible to 
re-work the waste heaps of some mines, Scar- 
city due to an increased demand or to deple- 
tion of richer reserves can also make the 
extraction of low-grade ores profitable 
without necessarily involving a change of the 
basic mining techniques being employed 


The formation of ores 
Concentrations of minerals that contain 
economic quantities of such metals as copper 
tin, tungsten, | 
These are formed in many different ways. 
The various ores of the same metal can have 
issimilar origins. 

Magma [2] or molten rock is the origin of 
many mineral deposits. Some deposits are 


ad and others are called ores. 


1 Reserves of impor- 1 
tant metals are 
widely distributed 
throughout the world. 
The map provides a 
guide to major 
ore-producing 

areas but many 
other locations 
could be plotted if 

areas were studied 
in greater detail 
Information about 
reserves in commun: 
ist countries is 

often withheld and 
it is likely, thero- 

fore, that reserves 
are greater than is 
indicated. The 
USSR leads world 
production of iron, 
chromium and man- 
ganese and is a 
leading producer of 


most other metals = inn 
Except for Antaretica, te 

major discoveries of | * Copper 
minerals have been * Zine 
made in every cont Nickel 
nont since World War Chromium 
1. Some areas such Manganeso 
as Australia and the ; Magnesium 
Sahara have seen 2 fagioun 
considerable mining | baad 
development since Sew 


the mid-1960s. 


2 Magmatic ore 
bodies may result 
from several differ 
ent causes: settling 
of denser minerals 
or elements to 

the lower part 
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of a magma chamber 

during cooling 

[A]; injection of 

late-crystallizing 

magma components 

along fissures [B]; 
ntact metamor. 


Aas 


f the land 


formed within the cooled and consolidated 
igneous mass itself. The minerals become 
concentrated by magmatic segregation. 
Examples of deposits formed by this process 
are the chromite [5] deposits of South Africa, 
the famous iron ore deposits of Kiruna 
Sweden, and the nickel sulphide of Sudbury, 
Ontario. Deposits formed at the same time as 
the surrounding rock are called syngenetic 
When a mineral deposit is formed later than 
the surrounding rock it is known as 
epigenetic. 

During cooling of the magma, hot gases 
and liquids may be forced, under great 
pressure, into surrounding rocks. These 
mineral-rich solutions cool and are forced to 
deposit minerals as pressure is reduced, 
Sometimes they find their way into small 
cracks to give veins, or a collection of veins 
(sometimes called a lode), containing both 
economically important minerals and worth- 
less ones (gangue). Veins have no great 
thickness but may run for considerable dis- 
tances and penetrate to great depths, 

Deposits formed by gases are called 
pneumatolytic. The apatite (phosphatic 


a Be, 


4 


phism in which min 
rals of the wall rocks 
are replaced by other 
minerals derived 
from the magma [C]; 
and hydrothermal 
deposits filling the 


fissures with minerals 
from the magma and 
transported by hot 
watery solutions [D], 
as in the copper 
deposits of Butte, 
Montana, USA 


mineral) deposits of Norway were formed in 
this way as were some of the tin deposits once 
mined in Cornwall, Those that originate from 
hot aqueous solutions are known as hydro- 
thermal deposits. 

The heat of the igneous intrusion changes 
surrounding rocks, particularly those in 
direct contact with it, Where permeation of 
these by hot gaseous and mineral-rich solu- 
tions replaces some of the original rock the 
deposit is called pyrometasomatic and is 
often a source of copper, zinc and lead. Such 
interactions are most evident at points of 
contact between granite and limestone 


Heat zones and weathering 

Mineral-rich solutions sometimes replace 
only certain elements in the original rock; at 
other times the whole mass may be affected, 
forming large deposits such as the pyrite 
deposit of Rio Tinto in Spain and those of the 
Copper Belt of Zambia. The type of mineral 
deposit is determined by the temperature of 
the solution and associated gases. Specific 
minerals are associated with hotter and 
cooler areas, Tin, copper, lead, zinc and iron 


CONNECTIONS. 
See also 


3 Sedimentary ore 
bodies are originally 
derived from metal 
rich igneous rocks 
such as an iron-rich 
pluton [A]. On expo: 
Sure to weather the 
igneous body is 
eroded and iron is 
dissolved away in 
the form of bicarbo: 
nate [B]. The solu 
tion of bicarbonate 
reaches a basin of 
deposition (a lake or 
the sea) where it 
becomes a hydrous 
oxide and is precipi 
tated into the sedi 
ments [C]. Iron oxide 
rolled about by cur 
rents before settling 
may form small 
rounded aggregates. 
During consolidation 
of the sediment the 
water is squeezed out 
of the hydrous oxide, 
giving haematite 


that order 
utwards from the zone of most 


are characteristically found in 
working 
heat. Hydrothermal solutions may surface as 
hot springs to produce deposits of the mer- 
cury ore, cinnabar, while sulphur deposits [ 
are ofte 


found near volcanoes. 
Rocks at the surface of the earth are sub- 


jected to weathering, Downward percolation 
of ground water may le 
ments from upper layers and bring them to 
the water-table level. Many valuable deposits 
of copper, for example, have been created 
from low-grade ores in this way. Below the 
layer of enrichment the ore 
remains low grade. In tropical areas weath 


i some useful ele. 


secondary 


ering may affect the top 75m (240ft) of the 
surface. Under such conditions aluminium 
silicate rocks are broken down to give 


the chief ore of 
aluminium. Some iron ores and some mang. 
anese deposits originated from weathering 


deposits of bauxite 


Sedimentary rock deposits 
When the rocks are broken down the parti 


cles are carried away by streams and 
not easily changed and 


[3]. Minerals that ai 


4 Garnierite, also 
known as Noumeite, 
from Nouméa, New 
Caledonia, where it 
is found in veins, is 
a source of nickel. 
The New Caledonia 
deposits were once 
the most import. 
ant in the world 


9 Reserves of non: 
metallic minerals of 
economic importance 
are distributed ir. 
regularly. This is 
partly due to lack 

of information about 
finds in certain 
areas and partly to 
the fact that some 
areas are inaccessible 
for exploration. It 

is likely that vast 
reserves will be 
discovered as new 
methods of explora 
tion are developed. 
No country will ever 
have all the mineral 
resources it needs 
within its own boun: 
daries. The “energy 
crisis” may be fol 
lowed by a “mineral 
risis", particularly 
f less developed 
nations advance 
rapidly along the 
road to full indus. 
trialization, They 


will then require 
their own resources 
rather than being 
able to export them 
for use by the big 
industrial nations. 


5 Chromite is found 
as a mineral in ultra- 
basic igneous rocks, 
In some areas, 
however, ore bodies 
have formed by seg 
regation, as in New 
Caledonia, where this 
Specimen was found, 
and in Zimbabwe, 


ers 


that are heavy may collect in workable quan: 
tities as placer deposits. Such deposits occur 
in streams and on beaches. Gold is one metal 
mined from placer deposits. Most of the 
world’s tin, which comes from Malaysia and 
Indonesia, is dredged from placer deposits. 
Many other sedimentary rocks are impor 
tant sources of minerals, Evaporation of sea- 
water and inland lakes can give precipitation 
deposits of gypsum [Key, 8], anhydrite, halite 
(common salt) and potash [6]. Many of these 
are mined conventionally but some are ex 
ploited by solution mining - hot w 


ter is 


Pumped into the deposit and the resulting 
brine forced to the surface. Important phos 
phate deposits are the result of vast 


accumulations of bird droppings called 
guano. Clays are sedimentary rock deposits 
important in paper and brick manufacture 
and in pottery and ceramics. China clay, c 
kaolin, is a clay formed as a result of action of 
hydrothermal solutions on the felspars in gra 
nite, Marls are mixtures of clay and calcium 
arbonate and are quarried for the cement 
industry 


limestone 


exploited for building 
stones or for lime preparation. 


we 


+ a| 
> “w 
Ea 
z 


Open-pit miningof plaster of paris 
gypsum, near Paris, Where an exploitable 
produces the raw mineral occurs 
material known as near the surface 


it can be extracted 
in this way by re 

moving the overbur 
den of soil and rock 


6 Potash salts are 
the last precipitates 
of an evaporating 
sea. Potash is used 
mainly as a ferti. 
lizer but also inthe 
explosives industry 
and in various metal. 
lurgical processes, 


7 Sulphur is often 
found in the native 
(pure) state around 
the vents of vol- 
canoes; it is deposited 
by sulphurous gases. g 
A major source of 
sulphur today 

results from the 

refining of crude oil 


8 Gypsum, like the 
potash salts, is an 
evaporite. It i 

found in Britain, 
Germany and the 
USA and is used in 
plaster and cement 
and also in the paper 
and paint trades. 
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Mineral resources of the sea 


The oceans are a vast storehouse of minerals 
[2]. Seawater itself contains almost all the 
elements, but many of them are present in 
such extremely low concentrations that the 
cost of extraction is high compared with the 
cost of mining the same elements on land. 


Chemicals from seawater 
A few substances can be extracted economi- 
cally from seawater — namely, common salt, 
magnesium and bromine. Salt has been 
obtained from the sea since ancient times [3]. 
The traditional method is to flood coastal 
pans with seawater. As the water evaporates 
in the sun, some impurities are precipitated 
out. The concentrated brine is then passed to 
another pan where the salt is precipitated. 
Today about 33 per cent of the world’s total 
salt output comes from ocean water. Sea salt 
is especially important in countries that have 
no other source of salt, such as Japan. 
Magnesium is an important metal in the 
lightweight alloys that are used to manufac- 
ture aircraft, missiles and precision instru- 
ments. In World War II, it was used in in 
diary bombs, In the 1930s, Germany pro- 


1 Early marine oil 
rigs [1] were ossen- 


multiple legs sunk 
into the sea-floor, 
Jack-up rigs [3] 
have legs which are 
extended to the bot 


designs [2] have 


duced nearly 66.6 per cent of the world’s 
output so American and British scientists 
began experiments to extract it from sea- 
water. British efforts proved successful in 
1939 with a process that removed the mag- 
nesium as a hydroxide after seawater had 
been mixed with lime. Today, magnesium 
from seawater accounts for 66.6 per cent of 
the world’s annual production. 

Bromine, an important clement in the 
photographic and pharmaceutical industries 
and in the production of high-octane petrol, 
is also largely obtained from seawater. How- 
ever, the prospects for extracting other ele- 
ments from seawater are influenced by two 
main factors. First, there must be a shortage 
of the element on land to justify the high level 
of investment that would be required and, 
second, successful exploitation relies on 
technological developments. 

Water itself is a valuable resource in arid 
coastal areas [7]. Fresh water can be pro- 
duced from seawater by evaporation and 
condensation ~ this is the in and 
fresh waters. But the artificial speeding-up of 
the process in desalination plants uses large 


© 


to the bottom. Ships 

15] are used in deep 
water. The drill 

is lowered through 
hole in the hull 


submersible rigs [4] 
are supported by 

their buoyancy and 
tethers secure them 


3 Salt has been ex- 
tracted from seawater 
since the days of the 
Minoan civilization. 
Seawater is first 


evaporates in the sun, 
the salt is precipi- 
tated from the brine. 


amounts of energy, usually oil or nuclear, and 
it is justified only in those parts of the world 
where energy is cheap, as in Arabia 


Continental shelf resources 
Apart from resources in seawater itself, 
exploitation of ocean floors is already 
yielding substantial supplies of many mine- 
rals. Most of these minerals are obtained 
around coastlines or in the shallow waters of 
continental shelves, 

Sand, gravel and limestone, which are 
used in building, are taken from beaches and 
coastal waters. Some beach deposits contain 
metals in quantities worth extracting, For 
example, the black sands along the Atlantic 
coast of the United States from New Jersey to 
Florida contain ilmenite and rutile, ores from 
which titanium is obtained, and monazite, a 
rare earth mineral. The black sand of New 
Zealand's west coast beaches is rich in iron 
However, over-exploitation of some deposits 
may result in serious coastal erosion 

Mining materials on the sea-bed in 
shallow water has also become important 
Around Japan, underwater iron-bearing 


4445815145 
$449114414 


2 Seventy-three of 
the 93 natural el 
ments are known to 
exist in measurable 
amounts in seawater 
The 50 tankers [A] 
represent 1 million 
litres (220,000 gals) 

of seawater (each 
holds 20,000 
The last 

two tankers [B] con. 
tain the elements pres- 
ent in this volume 

and the proportions 

of each are indicated. 


Calcium 400, 
Magnesium 1272 
Sodium 10.501. 
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The sea-bed 
Mineral resources 
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Sulphur 884, 
Chlorine 18.98 


4 The element iodine 
is present in sea 
water in very low con. 
centrations (0.006%), 
It is concentrated 

by seaweeds which, 
botanically, are green, 
red and brown algae. 
lodine was first dis- 
din 1811 when 
xtracted from 
the ashes of seaweed, 
Kelp, a ribbon-like 
brown alga, was one 
of the earliest sources, 
Much iodine is now 
obtained olsewhey 
for example from 
Chile saltpetre and 
brine from oil wells, 
although 


ands are piped ashore and, off the coast of 
southwest Africa, gravels containing 
diamonds have been mined since 1962 

Other minerals are extracted from rocks 
under the sea-bed. Prospectors use similar 
methods to those used on land, aided by such 
techniques as underwater photography 
Today mining is effectively carried out in 
water up to 183m (600ft) deep. For example, 
about 20 per cent of Japan's coal comes from 
submarine mines. Having located a coal bed, 
engineers build an artificial island and then 
drill down to the coal layers. In the Gulf of 
Mexico, sulphur is flushed out from beneath 
the sea-bed with superheated water 

The sulphur deposit in the Gulf of Mexico 
was discovered when prospectors were 
searching for oil. Currently, oil and natural 
gas are the most important minerals being 
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rigs in the sea has, however, met with many 
problems, involving risks for the operators 
The rigs may have to withstand severe storms 
and even the drift pressure of pack ice, But 
the technology of drilling in the sea-bed has 
developed quickly, Today about 20 per cent 
of the world’s oil production comes from 
offshore operations and this proportion is 
bound to increase. 


Deep-sea deposits 
Also present on the deep ocean floor are 
large numbers of so-called manganese 
nodules [5]. The presence of these potato- 
shaped nodules, which also contain cobalt, 
copper, iron, nickel and other metals, has 
been known for 100 years [6]. In parts of the 
Pacific, the nodules are concentrated at more 
than 54kg per square metre (100Ib per 


extracted from under the sea [Key]. Oil rigs 
are located round the world [1], in such 
places as the Bass Strait between Tasmania 
and the Australian mainland, the Black Se 


square yard). and they also occur in the 
Atlantic and Indian Oceans, The origin of the 
nodules is unknown. Scientists believe that 
, they must be formed by some biological pro- 


Oilandnaturalgas bed. The technology about 20% of 


the Gulf of Mexico, the Arctic Sea, off the cess that is increasing the number of nodules. Pee ae A peeta 
coast of California, the North Sea and the Manganese, important in steelmaking, is now being extracted oped rapidly since originates from off. 


Sulu Sea in the Philippines. The setting-up of unevenly distributed on land. from beneath the seo. 1945 and today shore oil wells. 
5 Ways of mining 5 
the rich deposits of J 
manganese nodules 
in the deep waters of 
the ocean have ben 
discussed for some 
time. The diagram 
shows one of the 
methods proposed 
This device employs 
the principle of 

the vacuum cleaner 
ht picks up the 
nodules and pumps 
them to the surface. 
On reaching the 


some extent. How. 
ever, in addition to 
manganese (Mn), a 
valuable metal used 
in steelmaking, the 
nodules contain other 
valuable metals [B], 
including cobalt (Co), 
copper (Cu), iron 
(Fe) and nickel (Ni), 


6 Manganese nodules 
IA] are potato-like 
lumps of minerals, 
possibly of plant 

or animal origin, 
found in great concen- 
trations on parts of 
the ocean floor. The 
composition of the 
nodules varies to 


¥ 
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PP 


Water 194% 


Co Ni Cu 1:87% 


surface, the nod- Mn 242% 
ules are transferrad 
to a separate barge. ai 


The devico is driven 


Others 4053% 


and the bottom, Other 
proposed devices in 
clude self-propelled 
rigs with air-lift 
systems, and a bot 
tom-crawling miner 


Sedimentary basins 
favourable for petroleum 
« oi 


attached to a surface . Gas 
vessel by articulated 
arms, Such systems 8 The maps show the 


areas where mineral 
resources can cur 
rently be extracted 
from the sea-bed, 
Most of the economic 
mining isin the 
shallow waters of 


may incorporate 
closed-circuit tele. 
vision to aid in 
locating the nodules. 
Other devices return 
to the surtace loaded, 


7 One important 7 
oceanic resource is 
water. Desalination 

of seawater to obtain 
fresh water is 
achieved by electri. 

cal, chemical and 
change of phase pro- 
cesses (by condensing 
steam from the water 
or by freezing it to 
remove the salt). 
However, all these 
processes require 
power and compli. 
cated machinery 


‘which makes thom ox ton 
pensive. Today desali. * Coal 
nation is carried out + Salt 

on a large scale only Heavy minerais 
in areas whore fresh Sulphur 
water is desperately Diamonds 
short, as in Israel. 

The profits from pet Magnesium 


Fresh water 
Other minerais 


roleum have made it 
possible for some 
Arab nations to do 
this in arid an 
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Energy resources: coal 


Coal was the first fossil fuel to be exploited on 
a large scale. It made possible the Industrial 
Revolution which in turn benefited the coal 
industry by providing it with a superior tech- 
nology. thus enabling coal to be mined at 
even greater depths. Coal consumption has 
been on the decline for more than 20 years. 
In 1960 coal provided about half the world's 
energy; by 1980 its share had fallen to a third, 
oil and gas, the other two main fossil fuels, 
providing an ever-growing share of the 
world’s needs. However in the near future 
the situation is likely to be reversed as oil and 
gas reserves are depleted. There is estimated 
tobe in excess of 660 thousand million metric 
tonnes of coal in world reserves, which is 
Plenty to last into the twenty-first century. 


What is coal? 

Like oil and gas, coal is organic material that 
has been slowly broken down by biological 
and geological processes but, whereas oil and 
gas are mainly composed of animal matter 
such as plankton, coal consists of plant 
remains. The fossil fuels are a part of the 
carbon cycle [1] that is basic to life on earth, 


1 


rt of the complex 
rbon cycle that 
maintains life on 
earth. Carbon di- 
oxide (CO,) is pro- 
duced in the earth's 
interior [1] and in 
rocks [2], when 
animals breathe 


Depth 
in 


metros. 


into living matter by 
th 188 of photo- 
carried on 


dioxide exists in 

the atmosphere and in 

solution in sea 

it is exchanged 

between these two 

elements when rain 

jes it out of the 

air 14]; it can also 

be dissolved by sea- 

water [6], Some 

of this dissolved 

is then deposited 
lly [7] and 

organically [5] 

as carbonates. 
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There is probably about 50 times as much 
carbon locked up in fossil fuels as there is in 
all the living matter on earth, 

Coal is a sedimentary rock consisting of 
carbon, water and volatile gases, with small 
amounts of mineral impurities that produce 
ash when the coal is burned, It is variation in 
the proportions of the constituents present 
that produces the different types of coal and 
is responsible for their different calorific 
values. Lignite (brown coal) contains a high 
Proportion of water (43 per cent) and is 
therefore of lower calorific value than 
bituminous coal (ordinary household coal) 
which contains only three per cent water 
Anthracite on the other hand is almost all 
carbon (96 per cent) and contains hardly any 
water or volatiles. It is of higher calorific 
value but less readily inflammable than 
bituminous coal which has a high proportion 
of volatiles (32 per cent), The mineral 
impurities present are mainly clays, chlorides 
and sulphides. The latter in particular are 
troublesome on combustion, oxidizing to sul- 
phur dioxide, an important cause of atmos- 
pheric pollution, 


wrt piana 
[1]. Dead veg 
lies in a swampy en- 
vironment and forms 
peat [4], the first 

Stage of coal form- 
ation. Underwater, 
bacteria remove some 
oxygen, nitrogen 

and hydrogen from 
the organi 


forms a pro- 
duct called cannel 
coal [2]. Algal 
collected 
underwater forms 
boghead coal (3). If 
the dead organic 
‘material is buried 

by sediment, the 
weight on top of the 
peat, and higher 
temperature, will 
turn the peat into 
lignite [5]. With more 
hi 


becomes bitu- 
minous coal [6] and 
then anthracite (7). 


The creation of coal is dependent upon 
abundant plant growth. This condition was 
fulfilled during the Carboniferous, about 345 
million years ago, when large areas of swamp 
forest covered low-lying regions [Key]. Most 
commercial deposits of coal date from this 
period, although there are deposits dating 
from most ages in the geological time scale. 


How coal is formed 

Coal is formed when decaying plant material 
is building up faster than it can be destroyed 
by bacterial activity. The swamp environ- 
ment is ideal for coal formation. The water 
tends to be stagnant and therefore deficient 
in oxygen which inhibits bacterial activity - 
preventing the vegetable matter from being 
completely broken down, Once a certain 
stage is reached acids produced in the process 
Prevent the bacteria from further activity. 
‘The initial product so formed is peat. If it is 
then buried under other sedimentary mate- 
rial the peat will be compressed, water and 
gases being squeezed from it forming coal. If 
the sedimentary material is 1km (0.6 mile) 
deep a 20m (66ft) layer of peat yields a 4m 
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3 The economic value 
of afuel is largely 
dependent on its 


‘i 
of energy that can 
be recovered from 
burning a standard 
quantity of coal. 
However, this must 
be offset against 
cost of extraction 
and combustion, 
Shown her 
comparison of the 
energy content of 

the most commonly 
used kinds of coal. 


In fuel value alone 
pears 
to be the most 


attractive coal, but 
its disadvantage is 
that it lies deep 
underground and 
in thin seams. Lig- 
nite can be more 
attractive because 
it occurs in thick 
seams fairly close 
to the surface, and 
therefore can be 
retrieved by a 
“strip mining” process, 


If the material rests 
under 3km arth, the product 
1 2m (6.6ft nituminous coal. If the 
depth is greater — say, 6km (3.7 miles) ~ and 
the temperature higher, the 20m peat layer 
becomes a seam of anthracite 1.5m (4.9ft) 
thick. Anthracite is so hard that itis classe 
a metamorphic rock 
geology of coal is simpler than that of 
gas insofar as, unlike these, coal 
t travel from place to place under 
ground, or seep to the surface. This means 
that estimates of coal reserves are more reli 
able and easier to calculate than those of oil 
nd gas, Coal is found in seams of any thick 
ness from only a few centimetres up to 30m 
(100ft) thick. Characteristically the seams 
are found interbedded with shales, sand- 
stones, clays and limestones of both marine 


and non-marine origin in a regular sequence 
This phenomenon is known as cyclic 
edimentation and indicates to the geologist 
that the coal was likely to have been laid 
jown in a deltaic area. Many of the main coal 


measures have been formed in this delta-type 


nvironment such as the Pe 


nnsylvanian co 


measures of the United States and the Car 


boniferous coal measures found in various 


parts of the United Kingdom 


The prospects for coal 
Although world reserves of cc 


than enough for our needs in the near future 
only about half of the coal is exploitable. The 
rest has eithe ft where it is 


tobe 


o prevent 
adjacent coal mines from collapsing, or it is 
so inaccessible that mining would be a very 
difficult 


and expensive operation and 
uneconomic at present coal prices. The 
Soviet Union is estimated to have the largest 


coal reserves amounting to 45 per cent of the 
remaining world resources; the United States 
has about 24 per cent of world reserves. Of 
the Third World countries. India has the 
largest resources — 0.75 per cent of world 
bui are large 
surveyed both 
African continent. In Antarctica 


eserves there areas yet to be 


and in th 


properly ere 


nd Green: 


The Carboniferous overed in forests 


land there are known to be large deposits of period, 345 to 280 of ferns, hor 
coal that await improvements in mining tech. million years ag tails and oth 

F was a time of exten: arge tree-like 
nology and a rise in the economic value of 


sive freshwater and plants. The vegeta. 


coal to make their exploitation worthwhile. coastal swamps tion of these swamp 
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1,000 tonnes 


1.108.926 


Reserven Ec 
1,000,000 tonnes 


128.069 


Europe 


316,652 | 


USA 


5 Underground coal 
seams may be thin 
and distorted and 
this makes mining a 
hazardous and diffi 
cult business. To 
day's sophisticated 
machinery is reducing 
the numbers of 
miners who have to 
work underground 


6 Open-cast mining 
of coal and peat is 
rela 


ively inexpen 
tries notably Ireland, 
Finland and the 
Soviet Union, 
peat is a useful 
source of fuel. Pe 
has to be dried be- 
fore it can b 


produced most of to: 
day's coal, The decay 
Mng plant matter 
gradually sank 
became compressed to 
form seams of coa 


4 Coal was the major 
fossil fuel for two cen: 
he rapid 


turies ur 
increase in oil pro 
duction pushed 
t into second pi 
This has led to great 


the coal 
ndustry during the 
last few decades. 
Europe and Japan 
have cut back their 
production because 
of competition from 
cheaper c 


changes i 


other countrie 
as the USA, China 
and the USSR 

are still increas 

ng utput. The 
figures shown indicate 
the known reserves in 
the mid 1970s but 
actual reserves w 

be much greater since 
exploration 

y 
is enough coal to las 
for at least anothe 
250 years at present 
rates of consumption, 
Total reserves must 
not be confused 

with 
reserves, which are 
often calculated as 
half the total. But ad: 
vances in techniques 
and fluctuations in 
the economic value 
of coal mean that the 
recoverable fraction 
will become greate: 


g their 


omplete. Th 


—_— 


Energy resources: oil and gas 


Oil and gas provided 62 per cent of all the 
energy used in the world in 1980: oil 
accounted for about 44 per cent and natural 
gas for 18 per cent of the total energy 
consumption. In 1962, by comparison, they 
accounted for just less than half the world's 
energy consumption. 


Rise of oil power 

In 1859 (the conventional date for the birth 
of the modern oil industry), Edwin L. Drake 
(1819-80) struck oil at Titusville, Pennsyl- 
vania, USA, when drilling a well with a der- 
rick. The contribution of oil and gas to world 
energy was, at that time, negligible. The 
speed and magnitude of the rise of oil as an 
energy source is staggering, and its conse- 
quences are even more spectacular. Modern 
civilization and technology and present-day 
population levels would be inconceivable 
without the cheap and plentiful energy pro- 
vided by oil and gas, Petroleum is also the raw 
material for the petrochemical industries that 
produce plastics, synthetic fibres and hun- 
dreds of organic compounds used as drugs, 
Pesticides and detergents 


action pro- 
duced oil and gas [C] 
which separated and 
rose through the 

sandstone [D]. 


shallow seas [A] and 
were covered by sand. 
stone and shale [B] 


Drake's venture was not, however, the 
first use of petroleum. Noah is said to have 
used pitch (a form of asphalt, one of the pet 
roleum products) to seal the seams of the 
Ark, a practice followed by boat builders up 
to the present day. As early as 1000 BC the 
Chinese were using natural gas for fuel and 
the streets of Babylon were surfaced with 
asphalt in 600 BC 

The world’s proven recoverable oil 
reserves are 88.9 thousand million metric 
tonnes, which is just a little less than 30 
years’ consumption at the rate of 1980 
Production levels [4], Even accounting for 
undiscovered fields and improved extraction. 
oil is a finite resource. It is therefore not sur- 
prising that oil, with its economic importance 
and with its declining reserves, has become a 
key issue in world politics. 


How oil and gas are formed 

Oil and gas are considered by geologists as 
“minerals” because like coal they are part of 
the make-up of the earth’s crust. Collectiv 
they are termed hydrocarbons because they 
are made of molecules consisting entirely or 


2 Underground oil 
and gas deposits can 
be found by setting off 
an explosion [A] which 
sends sound waves 


into the earth. Analy. 
sis [B] of the waves 
that bounce back off 
Underground strata 
can locate deposits. 


essentially of hydrogen and carbon. Natural 
petroleum or crude oil is a liquid ranging in 
colour from yellow to black, including reds, 
browns and dark greens. It is a mixture of 
many hydrocarbon compounds and its vis 
cosity ranges from very fluid to highly viscous 
(as in pitch). Gas contains smaller, lighter 
hydrocarbon molecules and is colourless 
Hydrocarbons are stored solar energy 
Organic matter is synthesized by living plants 
using the sun's energy converted by 
chlorophyll. Swarms of tiny plants and ani 
mals feeding on these plants lived in the seas 
and their dead bodies fell to the bottom 
Under normal conditions, ordinary decay by 
bacteria breathing oxygen would “burn up” 
the organic matter, producing carbon dioxide 
and water. But because oxygen was absent 
the process of decay performed by bacteria 
was not complete and hydrocarbons and 
other organic compounds were produced |1} 
Clays and silts were also deposited with 
the organic matter and in time this sediment, 
rich in both carbon and hydrogen, was buried 
under newer layers and was compacted into 
rocks such as mudstone and shales, Pressure 
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3 Oil and gas are 
found in reservoir 
rocks but these are 
seldom the rocks in 
which they were for 
med. Reservoirs are 
bound by impervious 
rocks forming oil or 
gas traps, Anticlines 
Possessing an imper. 
vious layer form 
[A], as do faults 


hat 
bring an impervious 
rockin contact with 
a reservoir rock [B] 
Salt domes [C] 


are similar to anti 
clines, Other traps 

are formed by imper. 
vious layers resting 
unconformably on 
tilted strata [D] 

and by reservoir 
rocks “pinching out” 
[E]. Where no water 
is present the oil 
may form pools in 
the hollows of a 
basement rock [F] 
Fossil coral reefs 

IG] and fossil 
river-beds [H] can 
form long and 
winding reservoirs. 


and heating caused by burial is thought to 
have completed the bacterial process that 
finally led to the formation of hydrocarbons, 

Compaction and the eventual crus 
movements often expelled oil and gas from 
their source rocks and an upward movement 
of the hydrocarbons occurred. If they 
reached the surface as a seep they were lost 
Many seeps exist today, including the natural 
underwater oil seeps near Santa Barbara in 
California. Sometimes, however, the upward 
movement was stopped by an impermeable 
layer that formed a trap [3]. The hydrocar- 
bons accumulated in the permeable rock 
under the trap, which is known as a reservoir 
rock. Reservoir rocks are most usually sands, 
sandstones and limestones 


Scarcity of oil and gas 

Hydrocarbons were formed throughout the 
period of organic evolution and small quan- 
tities are still being formed today, but not 


sufficient to replenish current oil reserves, 
The conversion efficiency of solar energy into 
recoverable oil is exceedingly low. It took 
several millions of years to deposit the 


East 


Middle 


organic matter at any one place because most 
of if was lost through decay, and several tens 
of millions of years to transform it into pet- 
roleum, most of which seeped away through 
the ground. Only about 30 per cent of oil held 
in exploited reservoirs can actually 
extracted by normal means. 
Much thought is now being given to 
secondary recovery procedures to increase 
the yield of existing oilfields. to perhaps 70 
per cent. Secondary recovery procedures 
include pressurizing the reservoir rock (by 
Pumping the gas back into it or by pumping 
er). fracturing it with explosives, 
attacking it with acid (in the case of lim 
stones), heating it with pumped-in hot water 
or pumping in chemicals that are effectively 
able to lower the viscosity of the crude oil. 
Prospecting for oil consists first in deter 
mining those areas that have sedimentary 
rocks — the only rocks likely to contain oil [2] 
Then the structures and successions of strata 
are studied by field geologists and geophysi- 
cists to locate possible traps and reservoir 
rocks. It is not possible to say whether a trap 
structure contains oil without drilling 


be 


4 “Proven” oil and 
gas reserves together 
with recent levels of 
oil consumption are 
shown here, We can 
be reasonably sure 
that this much oil ex 
ists and more should 
be discovered. The 
true extent of the 
world's oil "crisis’ 

is revealed by divid- 
ing the reserves by 
the annual consump: 
tion. This shows how 
Jong the known res- 
erves will last at 
Present consumption 
levels. One recent 
estimate suggested 
that the world’s oil 
could last less than30 
years, and that does 
not allow for any 
growth in 
consumption. The USA 
had enough oil to last 
13 years and gas for 
12 years while the 
Middle East and Asia 
had enough oi for 50 
years and gas for 80 
years at the levels of 
1976, 


USSR. Asia 
and Australasia 


@ annua consump 


ou 


© ot wires reserves 
@ drs 


Offshore drilling is 
becoming a necessity 
if new oil and gas 
fields are to be 
found to replace the 


5 The North Sea 
betwaen Britain and 
Norway has been one 
of the most successful 
oil areas to be dis 
covered in the recent 
past. Natural gas was 
found first in 1965 
and the gas fields 
were among the larg 


s| ie 


6 The oil production 
and consumption in 
different regions are 
shown on this map. 
Wtroveals that oil 
production [yellow] 
and consumption 
lorange] are uneven, 
The Middle East 
produces a great deal 
of oil but consumes: 
relatively little 


rapidly dwindling 
reserves from the 
land. It started in 
shallow and protected 
waters but the deill 


est over. The first 
oilfield was found 
off the southwest 
coast of Norway in 
November 1970, 
Soon after this Brit 
ish Petroleum found 
the first oll in the 

British sector of 


the North Sea — the 


while in Europe con- 
sumption is high and 
production is small 
but rising, due to 
the discovery of oil 
in the North Sea In 
1980 the world's oll 
industry produced 
nearly 62.5 million 
barrels of oil a day 
which added up to a 
total production of 


ing industry is now 
Moving to deep and 
stormy waters and 

the cost of offshore 
oil will be high, 


huge Forties field. 
These discoveries 
have been followed 
by a steady flow of 
new finds of oil and 
gas in the North Sea. 
Production from 
these oilfields is now 
well under way in the 
United Kingdom, 


3.074 million tonnes 
of oil in the year 

(7.3 barrels of crude 
oil weigh a tonne) 
The imbalance of pro 
duction and consump- 
tion around the world 
means that there is a 
large and vulnerable 
international trade 
which can lead 

to energy crises. 
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Energy supplies 


‘The energy resources that man is using up 
today took many millions of years to create 
[Key]. Coal, oil and natural gas - the fossil 
fuels ~ contain solar energy that reached the 
earth perhaps 500 million years ago. They 
are produced from plant material that has 
been processed for millions of years. 

‘There is not much doubt that oil, gas and 
coal are bound to run out one day and there is 
a great deal of debate about how much fossil 
energy might still be available for man’s use. 


the growth of coal mining. New technology 
made it possible to expand coal mining to 
greater depths underground and the 
availability of coal spurred the development 
and widespread introduction of steam 
engines and other labour-saving inventions 
in the 18th century 


It is almost impossible to know exactly 
how much coal there is in the ground; but a 
reasonable estimate is that there are prob- 


1 1st century BC 
Horo, Lucretius and 
Vitruvius describe 
the windmill, water- 
wheel and oiher 
energy convorsion 
devices 
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ably about 600,000 million tonnes of coal 
that could be dug up using the mining techni- 
ques employed today. Some idea of how long 
that amount of coal might last can be gleaned 
from the fact that in the late 1970s the 
world’s coal mining industry was digging up 
about 2,450 million metric tonnes of coal a 
year. About 25 per cent of this was mined in 
the United States, while coal production in 
Europe was just below the American level 
From these figures it is evident that the coal 
industry could survive, and even thrive, until 
well into the next century and maybe for 
many years longer than that 


‘The outlook for oil 
Nearly half the world’s energy is now sup- 
plied by oil, and a fifth of the energy comes 
from natural gas. The two together provide 
about 64 per cent of our energy. 

The long-term future of the oil and gas 
industries looks less certain than the future of 
the coal industry. In relation to demand oil 
reserves are much smaller than coal. A recent 
estimate put the world’s oil reserves at about 


90,000 million tonnes. In 1980 production 


16th century 
“Application af mining 
‘and metallurgical 
wehniques 


1897 Diosol engine 
Townsend on the 
electron. 


was running at 3,074 million tonnes. Clearly, 
if man continues to use up oil as fast as he has 
in the recent past, and if there are no new 
major discoveries of oilfields, the oil industry 
will be a thing of the past by the second 
quarter of the twenty-first century. 

The situation iseven more dramaticin the 
USA, which has something approaching 
5,500 million tonnes of known oil reserves {a 
figure that is the subject of heated argument) 
and which produced about 500 million 
tonnes in 1973. At this rate the USA could 
exhaust its oil reserves before the end of the 
twentieth century. 

Nobody expects the oil industry to fail 
completely in its search for new oilfields. For 
example, there is confidence in the USA that, 
as with Britain, the offshore continental shelf 
will turn out to have some large underwater 
vilfields that could be exploited, 


Other sources of energy 

Hydroelectricity is an attractive energy 
source [5]. It is regularly renewed by rain and 
snow falls, thus hydroelectric power stations 
do not depend on an exhaustible fuel supply 


1908 Finstevn's thoory 
of relativity 


1896 Bocquorol 
discovers radioactivity 


1884 Parsons steam, 


turbine 


1863 Emancipation 


18ih century 
Stoam envines of 
Savery. 
Boulton and Watt 


16ih and 17th centuries 
Thatmomoter 
davoloped ; Zeroth 

law of thermo: 
dynamics appliod 


1877 Ono engine. 


19th century 
First and secon 
of thormadynan 
Faraday 
Marwol 
eloctro magnenem 


1933 Tennossee Valley 
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1942 Fermi demonstrates 
self-sustaining nuclear 
chain reaction 

1945 Hiroshima and 
Nagasaki 

1946 Atomic Energy 
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1952 H-bomb at 
Eniwotak Atolt 
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‘on Poacetul Means of 
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2 Over the centuries 

the world has changed 

its energy supplies, 3 Different fuels 
Muscles and wood contain different 
were the most impor- amounts of energy. 
tant until coal took The graph shows 


over. The figures 
show the estimated 
Pattern of energy use 
based on the consump. 
tion of various fuels 
from 1850 onwards. 


how much energy is 
produced when a stan- 
dard weight of fuel 

is burned. Hydrogen 
looks like the best 

fuel but it is a 
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See aio 
tuure” 


series of scientific 
and technical dis- 
coveries. It took 
thousands of years to 


progress from muscle 
simple 
wood-burning to soph. 
isticated coal-fired 
power stations; but 

it did not take long 

to move from coal 
power stations to 

the nuclear reactor, 
The selection of 
events here high 
lights various steps 
that have resulted 

in the present posi- 
tion. The early en: 
Gineers built their 
coal-fired boilers 
without the help of 


four centuries with 

man’s discoveries in 

science, particular- 
getics, cul- 

ting in the 

use of atomic and 

nuclear energy. 
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light gas that has 

to be pumped through 
pipes. This means 
that to carry - 
tity of energy 
through a pipe some 
‘energy must be used 
to power the pump, 
reducing the net 
energy transported. 


Unfortunately most of the promising hydro- 
electric sites that have yet to be developed 
are in remote parts of the world where the 
demand for power is low 

Around the world there are more than 60 
hydroelectric projects with a power 
generating capacity of 1,000 MW or more, 
either in operation or planned for the near 
future. (One of the largest is the Grand 
Coulee Dam in the USA, with a capacity of 
nearly 10,000 MW.) These projects will ease 
the pressure on world resources of fossil fuels, 
for the electricity generated by hydroelectric 
stations saves the equivalent of about 415 
million tonnes of oil a year. 

Today hydroelectric power stations pro- 
duce more electricity than the world’s nuc- 
lear power stations - which generated power 
equivalent to burning 167 million tonnes of 
oil in 1980. But nuclear power output is 
increasing each year and it may not be long 
before it overtakes hydroelectric power. 

The amount of electricity that can be 
generated from the world’s reserves of 
uranium [8] and other nuclear fuels depends 
very much upon the types of nuclear re 


4 


6 The United Kingdom 
consumes 3.96% of 
the world’s energy 

but has just 1.46% of 
the population. Britons 
depend greatly on 
high energy 
consumption to 
maintain their 

way of life. In the 

UK the industrial. 


6 Major usos of energy 
In Britain 1978 


that are built, One type of reactor — the fast 
breeder reactor - can produce about 60 times 
the energy that the same fuel would generate 
in a thermal reactor of the kind now being 
built. Without breeder reactors, which have 
yet to be developed to a commercial stage, 
the world could find itself short of uranium 
within 40 years on present sources. 

Geothermal energy [7] is derived from 
the heat locked up in the earth's core. Most of 
it was, and still is, produced by the slow decay 
of radioactive elements that occur naturally 
in all rocks. The combined output of geo- 
thermal stations is about the same as the 
amount of power produced by one large nu- 
clear reactor. Italy, Japan, New Zealand, the 
United States and Mexico have the largest 
installed capacity for geothermal electricity 
generation, Geothermal energy can also be 
used to provide hot water In New Zealand 
geothermal hot water is used in the paper- 
making industry, and the Icelandic capital of 
Reykjavik is almost wholly heated by a dis- 
trict heating scheme fed from geothermal 
wells, The water reaches the city’s buildings 
through pipes by flow of gravity. 


Mew zeafand 


ergy Consumption kilogrammos per capita 
commercial, residen. 
tial and transpor- 
tation sectors of the 
economy make 
massive energy de- 
mands. Petroleum 
and natural gas pro 
vide more than 44 
per cent of this and 
the UK's resources 
are now increasing. 


Domestic 
Gas 

Solid tuøis 
Electricity 
Petroleum 


Transport 2% 
Potroleum 99% 
1s 
ns 
ag% 
Industry 22% 
Potroteun 40% pri- 
Gas 25% 108 

Solid tueis 23% 

— Electricity 


Nuctoor 
power 1% 


IHydro- 
‘loctivity 8% 


Coal, the source that 
fuelled the Industrial 
Revolution, was 

in 1974 only a poor 
second although its 
long-term prospects 
are brighter than 
those for oil, as the 
reserves of coal are 
expected to last a 
lot longer than those 
of oil. Natural 

gasis a clean and 
popular source of 
energy but it might 


The relative propor- 
tions of the diverse 
sources of energy 
used in the world in 
1974 reflect their 
respective con. 
venience. avail 
ability and cost 

By far the most 
important primary 
source of energy is 
oil, which in 1974 
accounted for nearly 
half the world’s, 
energy consumption 


weil be the first of 
the fossil fuels to 

be exhausted, Hydro 
electric power is 
most suited to moun 
tainous areas and is a 
renewable source of 
energy, The most 
promising primary 
Source is the 1% 
supplied by nuclear 
reactors. A similar 
graph for 1964 would 
not have shown this 
source at all 


4 Energy consump- 
tion is most unevenly 
spread amongst the 
peoples of the world, 
The USA has the 
highest energy con: 
‘sumption per head of 
population, but it 
also has some of the 
world's richest ener. 
gy deposits. The 
British also consume 
massive amounts 

of energy, but they 
do have to import a 
great deal. Europe's 
oil comes from 

the Middle East 

and other oil- 
producing regions. 


5 Hydroelectric 
Power is a renewable ~ 
source of energy 
itis fed by the 
waters caught by 

a dam. In some coun 
tries, hydroelectric 
power provides a 
large share of the 
energy. such as 77% 
of Sweden's in 1973. 


7 Geothermal energy 
is derived from the 
arth’s internal heat 
which powers geysers 
and steam springs. 
This steam and hot 
used to 
generate electricity 

in New Zealand, 

Italy and Iceland, 


8 Most of the 
world’s energy hopes 
rest on the use of 
nuclear fuels in 
power stations, 
Uranium is the major 
natural source of 
fuel; it occurs in 

most rocks, in only 
afew partsina 
million, and there 

is even some uranium 
in seawater. How- 
ever there are not 
many ore bodies that 
are rich enough in 
uranium to be worth 
exploiting commer 
cially. Uranium 

could be in short 
supply if the search 
for new deposits 

is not successful 
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Basic types of engines 


Engines are machines that convert other 
types of energy into mechanical energy, cap- 
able of doing work. The energy is generally 
heat from the burning of a fuel — oil, petrol, 
gas or coal ~and the work done by the engine 
can be used in many different ways: to drive 
other machines, to generate electricity, to 
Pump water or to power vehicles such as cars, 
locomotives, ships and aircraft, 

The rules governing the way in which heat 
can be converted into work were discovered 
through experience by carly engineers, Later 
these rules were formalized as the science of 
thermodynamics. By using them it is possible 
to calculate how much power an engine will 
Produce, what fraction of the heat will be 
turned into work and what might be done to 
improve its performance. 

The first engines, invented during the 
eighteenth century, burned coal to produce 
steam in a boiler [1]. The steam was then used 
to drive the engine, An engine of this sort, in 
which the source of heat is outside the engine, 
is known as an external combustion engine. 
An example of this type is the steam turbine 
as shown in illustration [2]. 


By far the most successful form of engine, 
however, is the internal combustion engine. 
In an engine of this sort fuel is burned and the 
expansion of gases produced is employed to 
drive a piston backwards and forwards inside 
a cylinder and is transmitted via a crankshaft 
to drive the wheels. 


Early gas engines 

‘The internal combustion engine was invented 
in the second half of the nineteenth century. 
The first successful design was produced by a 
German engineer, Nikolaus August Otto 
(1832-91), who used coal gas as his fuel. 
Otto’s gas engine,used the four-stroke cycle 
first proposed in 1862 by Alphonse Beau de 
Rochas ~ and so called because only one 
stroke in four produces power. The other 
three are taken up in drawing in the fuel, 
compressing it and finally. after it is burned, 
exhausting it. 

Since only one stroke in four produces 
Power the output of a single-cylinder four- 
stroke engine is very uneven and requires a 
heavy flywheel to smooth it out. Most prac- 
tical four-stroke engines have more than one 


2 Superheater 


burning fuel (coal or 
oil) boils water in a 
boiler. The pressure 
of the steam produced 
then forces a piston 
backwards: 


uses steam from a 
boiler to drive the ro- 


Exhaust steam is con- 
densed to water and 
re-used in the boiler, 


cylinder ~ usually four or six, but often as 
many as sixteen. Increasing the number of 
cylinders produces smoother power because 
each cylinder is arranged to produce its 
power in turn, 

The internal combustion engine using the 
four-stroke cycle is the engine found in 
almost all cars and trucks and many motor 
cycles. Such engines will run on gas but are 
normally fuelled with a liquid fuel, usually 
petrol (gasoline). The fuel is turned into a 
vapour, mixed with air in the carburettor and 
ignited inside the cylinders of the engine by 
the sparking plugs which are timed to pro- 
duce a spark at exactly the right moment 
in the four-stroke cycle. 


‘The diesel 

Many internal combustion engines, includ- 
ing most of those used in modern commercial 
vehicles, employ a heavier petroleum fuel 
called diesel oil. This type of engine is named 
after the German inventor Rudolf Diesel 
(1858-1913). Instead of a carburettor to mix 
the fuel with air, a diesel engine has a fuel 
injector which pumps a measured quantity of 


High-prossure turbine 


CONNECTIONS: 


Low-pressure 


3 In the four-stroke 
or Otto cycle, used in 
the 
expansion of gases 
forces the piston down 
in the cylinder. On 
the induction stroke 
[A] the descending 
piston sucks in fuel- 
air mixture through 
the inlet valve (1) 
On the compression 
stroke [B] both valves 
are shut. They remain 
closed when the spark 
plug ignites fuel and 
air during the power 
‘stroke [C] and the 
exhaust valve [2] 
opens during the 
exhaust stroke [D]. 


4 In a diesel engine 
a jet of fuel is sprayed 
into hot, compressed 
air at the top of the cyl- 
inder. The fuel ignites 
spontaneously and the 
expanding gases pro: 
duced power the pis- 
ton. On the induction 
stroke [A] air is 
drawn into the cylinder 
through the inlet valve 
[1]. On the compres- 
sion stroke [B] both 

l shut and 
fuel is injected. This 


stroke [C] and the ox- 
haust valve |2] opens 
during the exhaust 


of the cylinder. 


fuel into the cylinder at precisely the right 
moment. And instead of sparking plugs 
diesel engines depend on the compression of 
the gas in the cylinder to achieve ignition. As 
the pressure of a gas increases so does its 
temperature. In a diesel engine the fuel 
ignites spontaneously at the end of the 
compression stroke. For this reason a diesel 
engine is more correctly called a 
compression-ignition engine 


Converting heat into work 
Internal combustion engines do not convert 
heat into work efficiently. A typical car 
engine converts no more than a quarter of the 
energy contained in the fuel into useful work 
and even a highly developed engine is little 
better than 35 per cent efficient. The 
explanation of this disappointing perfor: 
mance lies with the laws of thermodynamics. 
The first law says that you cannot get 
more energy out of an engine as work than 
you put into it as heat. The second law goes 
further. It shows that the amount of work 
produced by an engine is always less than the 
amount of heat supplied. In other words the 


a 


efficiency of any type of engine is always less 
than 100 per cent 

The efficiency of a heat engine depends 
on the difference in temperature between the 
heat used to drive it and the heat rejected as 
waste. The higher the temperature of the 
engine's working gas and the lower the 
temperature of the waste heat the more effi- 
cient the engine. Complete 100 per cent effi- 
ciency can be achieved only if the waste heat 
is at absolute zero (~273°C), In practice, of 
course, this cannot be and thus the efficiency 
of a heat engine cannot be 100 per cent 
Under ideal circumstances a heat engine 
operating at 1,000°C (1,832°F) — possible for 
an internal combustion engine - and 
rejecting waste heat at normal exhaust 
temperatures (say 150°C [302°F]), has a 
theoretical efficiency of 67 per cent 

The difficulties of designing a perfect 
engine mean that all actual engines fall well 
short of the theoretical efficiency, Friction, 
vibration and the energy consumed by the 
engine itself in driving camshafts, fans, and so 
and losses in the transmission reduce the 
ncy to much lower levels. 


Air-cooled, smal 
light engines wore 
developed in the first 
quarter of this century, 
chiefly for powering 
Motorcycles, The 
British Morgan com- 
pany used a motor 


cycle engine as the 
power unit in this 1927 
three-wheeler car. 
Known as a V-twin, 
the engine had two 
cylinders inclined at 
an angle to each other. 
It drove a propeller 


5 In a two-stroke 
engine the upstroke 
[A] opens the inlet 
port [1] and com- 
presses the mixture al 
ready in the cylinder 
A sparking plug ig 
nites the fuel [B] and 
attor combustion the 
descending piston [C] 
first opens the exhaust 
port [2] and then the 
transfer port [3], 
letting in fresh 
fuel-air mixture. In 
this way the piston 
also acts as the 
engine's valves and 
oil is added to the 
fuel to lubricate it 

In many two-stroke 
engines, the cylinder 
is air-cooled via 

fins attached to it 


7 A turbofan engine is 8 
a type of gas turbine 
used mainly for power: 
ing civil aircraft. 

Fuel entering the 
engine [1] mixes with 
compressed air and 
burns in the com 
bustion chamber [2]. 
The expanding gases 
rotate high-speed [3] 
and low-speed |4] tur: 
bines. These, in turn, 
drive a compressor [6], 
Which forces air into 
the combustion chamber 
and fans [6], which 

push air round the 
combustion chamber 
and into the tail 

pipe, providing extra 
thrust by means of 

air displacement. 


8 A turboprop engine 
is basically a gas 
turbine in which 
most of the power in 
the rotating shaft 
drives a propeller 
through reduction 


shaft along the floor 
of the car to a gearbox, 
with a final chain 
drive to the single rear 
wheel. The car had 
motor cycle-type 
controls mounted on 
the steering column. 


6 The Wankel engine 
has a rotor in the 
form of a curved 
triangle within a 
chamber. The “points 
of the rotor have 


four stages of the 
cycle are the same 

in principle as the 
Otto cycle: induction 
IA]. compression [B), 
combustion [C] and 
exhaust [D]. All 

three spaces in the 
chamber are used at 
once. There are two 
sparking plugs and 
the rotary motion 
produced can be used 
as a direct drive, 
without the need 

for a crankshaft. 


gears. Incoming air 
is compressed [1], 
mixed with fuel [2] 
and burned to rotate 
the turbine [3]. 
Atypical out- 

put is 2,000hp, 
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Steam engines 


The steam engine is generally acknowledged 
as one of technology's greatest contributions 
to human progress. In the two centuries fol- 
lowing its introduction, commercial life and 
industry developed at a greater rate than ever 
before. The steam engine is one of the few 
inventions that have been almost wholly 
beneficial, influencing every aspect of life 


The influence of steam power 
‘The steam engine’s first impact was on the 
development of coal mining. Before 1712, 
deep coal seams were impossible to work 
because they were flooded with water. Then 
Thomas Newcomen (1663-1 729) developed 
a steam engine [2] that could be used to pump 
out water. The engine was extremely simple 
and, except for a few parts, could be made by 
local craftsmen, But it wasted fuel because 
the cylinder had to be cooled after every 
stroke, and so the engine was used only at 
mines where fuel was plentiful 

The engine invented by James Watt 
(1736-1819) in 1769 [5] separated the 
heated and cooled parts of the work cycle and 
so avoided the energy losses caused by com- 


2 Newcomen’s steam 
engine of 1712 was 

the first to use 
piston and linkage 


pump rods pulled the 
piston [3] tothe 
top. The st 


jator [4] sprayed 


onto pumps, into condense the 
Steam fromthe steam. The vacuum 
boiler [1] passed to created caused pres: 
thocylinder [2] and  suretoforcethe 


the weight of the 
3 


piston down again, 


3 Small, powerful 
steam engines were a 
logical development 
of Trevithick's 
locomotive of 1804, 
Coupledto existing 


Industries. Richard 
Hoe's steam-powered 
newspaper press of 
1847, shown here, 
wasa rotary machine 
with the type on 


and, later, specially cylinders which 
designed machines, turned at high speed 
theyreducedhuman in contact witha mov- 


drudgery, increased 
production and re- 
duced costsin many 
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ing band of paper. 
Steam power also 
influenced agricul- 


bining them in the cylinder, reducing fuel 
consumption by two-thirds. As a result, 
Watt's engine could be used even where fuel 
was scarce and costly 

The Watt engine also enabled the 
development of ironworks, making cast iron 
readily available and leading to a period of 
great industrial expansion in Britain. By the 
mid-nineteenth century, horizontal and ver- 
tical types of steam engines had evolved and 
were developed into powerful mill engines, 
particularly for textile mills. 

The other great impact of steam power was 
in transport. Steam locomotives, pioneered 
by Richard Trevithick (1771-1833) [4], led 
to railway networks offering faster and 
cheaper carriage of freight than by canal 
barge. Steamships cut many days off the time 
needed for an intercontinental sea passage 
and made vessels independent of the wind 
and weather 

The next great breakthrough in steam 
power was the invention in 1884 by Charles 
Parsons (1854-1931) of the steam turbine. 
One of its advantages was that its “output” 
was a rotating shaft instead of the backwards 


and forwards motion of earlier steam 
engines, There was no longer any need for 
the complicated mechanical linkages of con- 
necting rods, cranks and eccentrics. Within 
20 years, 70,000 horsepower Parsons tur- 
bines were driving liners across the Atlantic 
Ocean at up to 45km/h (about 25 knots). 


Principles of the steam engine 
Any steam engine converts the heat energy 
stored in steam into usable power. Steam is 
the vapour produced by heating water until it 
changes state from a liquid to a gas. If this 
Process takes place in a closed vessel (a 
boiler), adding more heat raises the 
temperature and pressure of the steam. Heat 
from any source ~ fuel, the sun or a nuclear 
reactor - can be used. In a conventional 
steam engine, the pressure of the steam 
imposes a thrust on a piston connected by a 
linkage in such a way that its movement is 
made to rotate a shaft. In a turbine, the steam 
Passes through jets and strikes the blades of a 
turbine wheel, making it turn. 

The process is reversible, and if steam is 
cooled in a condenser it turns back into 


1 Savery’s steam 2— 
engine of 1696 was 
the firstto combine 
steam pressure, 
vacuum and condens- 
ing for continuous 
operation. Steam 
fromthe boiler 1) 
passed to the working 
chamber [2] andthe 
cock [3] was closed. 
Cold water froma 
spray [4] condensed 
the steam, creating 
avacuum in 2and 
lifting water into it 
from, Steam was 
again let into 2, 
forcing the water 
outthrough the valve 
[Gland upwards. 


andalinktothe 
crossbeam made it 
rock and work the 
main pump. A pipe 
led air and condensed 
water out of the 
cylinder, anda 

small pump lifted 


CONNECTIONS 
See also 
Moen sb 
Modern fosnrcsogy 


4 Richard Trevithick 
pioneered the 


power from rel 
tively small engines 
by raising the 
pressure to 50\b/ 
aqin. He also did 
away with the con- 


ture, where traction 
engines —the first suc- 
cessful self-propelled 
road vehicles -could 
haul and work heavy 
trailers and threshing 
‘machines. Two en: 
gines at opposite ends 
of afield could draw 
alarge many-bladed 
plough back and 

forth between them, 


denser, thus reducing 
the weight, and 

achieved further 
economies by enclos. 
ing the furnace within 


the boiler shell, and 
using the exhaust 
steam to preheat 
the boiler feed wi 
From this, it was but 
ashortstepto 
mount the whole 
ongina on wheels to 
run oniron rail 

and this locomotive 


(shown below) 
Proved the feasibility 
of railways in 1803, 
The single horizontal 
cylinder was enclosed 
within the boiler, 

and the flywheel 
drove both axles 
through a set 

of gear wheels, 


water. If this takes place in a closed vessel, the 
reduction in volume creates a vacuum which 
can be used to recover further energy, These 
two principles were known for nearly a cen- 
tury before Thomas Savery (1650-1715) 
combined them in a machine for pumping 
water in 1696 [1] 

Condensation of steam during use in the 
work cycle represents a loss of energy. Steam 
engines were designed to raise steam to the 
highest possible temperature, to minimize 
condensation during the cycle and to expand 
the steam until it was exhausted at the lowest 
possible temperature. The idea was to extract 
the maximum heat energy from the steam. It 
was achieved by leading the steam on its way 
to the engine through pipes exposed to hot 
flue gases from the boiler ~ a so-called 
superheater. In a modern power station, 
superheated steam reaches temperatures up 


energy into the steam. Exhaust steam tends 
to cool the walls of the cylinder, and so it is 
enclosed by an outer container full of hot 
steam, called a steam jacket 


Fuel economies 
There are other ways of making heat 
economies. Water fed to the boiler has to be 
raised to boiling point before evaporation to 
steam takes place. Any way of heating the 
water before it reaches the boiler must save 
fuel. There are two ways of doing this. An 
economiser consists of a set of pipes exposed 
to hot gases leaving the boiler, and boiler 
feed water can be passed through these, 
heating the water to about 93°C (200°F). But 
a modern power station, with an evaporation 
temperature of 370°C (700°F), requires 
much more preheating. The boiler feed water 
is heated by steam, drawn from various 


to 600°C (about 1,100°F). Even better effi- points along the turbine system, which 
ciency can be obtained by taking the steam already given out power in the main turbines. 
after use in part ofthe cycle and againleading Called interstage feed-water heating, this Manyeary designs osstorablemech- eci 
it in pipes through hot boiler gases, in a system is less costly in energy terms than, formekinguse ct. snlcalcerriages, {side:to-alde) no 
reheater. In this way, heat from fuel burnt using the hottest steam straight from the 2 engines appi aama gon eto A tetany 


themtoroadvehicles, solvetheproblemot —_ one for driving the 
in the boiler is used three times to inject boiler to preheat the water. generallyconceived — convertingthe steam vehicle's road wheels, 


's reciprocal 


5 James Watt's machines, provided —_sidesof a boiler [2]. mitted viaa parallel wheel [25] fixed those of the pinion two pairs of valves, 
‘engine of 1769 re by Watt's double- Steamatapressure motion linkage [22] rigidly at the end, [28] at the end of and the exhaust was 
duced{uelconsump- acting engine of of 7Ib/sq in passed tothe beam [23] driving the sunwheel the mill drive shaft. condensed in [14] by 
tion by separating 1784.Itincludedthe into acylinder |6) which rockedabout [26] on the fly- Theengineframing the cold-water jet 
the condenser and basic features of whichwasclosedat its centre. Its wheel shaft. Thesun was made oftimber, [15]. Air and water 
the cylinder, but it modernengines,and the toptoallowthe Movementwastrans- and planet wheels andthe engine speed were removed by a 


was still only wasagreatadvance —_steamtodrivethe 
pumping engine. The onthe Newcomen piston |7] both 
growing industries engine. Afurnace|1]_ down and upwards 
needed powertodrive hestedthebaseand Tho effort was trans- 


mittedtothefactory —_ were kept in mesh by 
via the connecting alink behind them. 

rod (24), which had thon theflywheel  wasletin and out 
anon-rotating planet [27] meshed with of the cylinder by 


pump [16], and w: 
pumped to the boiler 
by [18] viathe 

float contro! [4]. 


5 1 Furnace and tiredoor 45 Cold. water jot 
) ) 2 Boiler 16 Air pump 

3 Water Feed water tank 

4 Float convol Foed water pump 

5 Steam pipe Feed water pipe 

6 Engine cylinder O Condenser water supply 

7 Piston Piston rod 

8 Steam throttle valve Parallel motion 

3 Top valve chest Engine 

10 Bonom vaive chest Connecting rod 

11 Governor Pianot whee! 

12 Governor drive Sun whee! 

13 Condensing watar tank Toothed fiywhe 

14 Condenser Toothed driving whee! 
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Power from steam 


‘The power of steam created the Industrial 
Revolution yet today hardly any steam 
engines remain. For generating electricity, 
however, steam (driving a turbine) is still the 
chief motive force employed. 


Modern power stations 
A modern thermal power station uses the 
heat from burning coal or oil, or from a nuc- 
lear reactor, to boil water circulating in boiler 
tubes to produce high-pressure steam [1]. 
The steam travels along pipes to a steam tur- 
bine that consists of a series of propeller-like 
vanes mounted on a single shaft. Nozzles 
direct jets of steam towards the vanes, driving 
the turbine round. A generator coupled to 
the end of the turbine shaft converts the 
rotary motion of the shaft into electric power. 
Each of the three elements of a power st 
tion ~ the boiler, turbine and generator — has 
undergone intensive development to pro- 
duce the most efficient machines possible. As 
a result the efficiency of electricity genera- 
tion (the amount of electrical energy output 
compared with the heat energy input) 
increased from about five per cent in 19000 


1 A modern power 
station converts the 
heat energy from 
burning coal into 
electricity. Coal [1], 
unloaded from railway 
wagons, travels by 
conveyor belt [2] to 
the boiler bunker [3], 
A pulverizing mill 

} 


hot air [5] and blown 
into the furnace [6] 
where it burns like 

a gas and boils water 
circulating in pipes 
[7] that make up the 
walls of the boiler. 


a settling pit and 
the flue gases [9] 
after giving up heat 
to steam in the super. 
he; 


to the precipitator 
[14] and up the chim- 
ney [15], Superh 


steam is converted 
back to water in the 
condenser [19] using 
water chilled in the 
cooling tower [20]. 
The water passes 
back through heaters 
[21] and the econom. 
izer {12} to the boiler. 
The output shaft of 
the turbine is con- 
nected directly 

to a generator [22]. 
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nearly 40 per cent in 1975, In other words, 
without this increase in efficiency a power 
station would burn eight times as much fuel 
to produce the same amount of electricity. 

The boiler of a large conventional power 
station burns powdered coal at a rate of upto 
200 tonnes per hour. Rail wagons carry the 
coal to the plant and dump it in huge coal 
stores from which it is taken by conveyor to 
the boiler, It is weighed and pulverized to a 
powder as fine as flour, then mixed with air 
and carried by fans along metal ducts to the 
furnace where it burns fiercely. 


Producing the steam 
The boiler consists of a tall chimney-like 
structure lined with vertical pipes carrying 
water. The heat produced by burning the 
coal-air mixture boils the water, producing 
steam. This is first collected in a steam drum, 
then recirculated through the hottest part of 
the boiler in another set of tubes which 
superheat it to even higher temperatures. 
From the superheater steam goes directly 
to the turbines [2]. The steam is taken first to 
the high-pressure turbine where it passes 


through a ring of stationary blades, These act 
as nozzles and direct the blast of steam on to 
the rotating blades. As it passes through, the 
steam makes the turbine turn, just as a wind- 
mill turns in the breeze. Immediately after 
passing through the high-pressure turbine 
the steam is led back to the boiler and 
reheated. It then passes through the inter- 
mediate and low-pressure turbines [3], 
gradually giving up its energy and generating 
more rotational power. 

Finally the steam, with most of its energy 
spent, changes back into water in a con- 
denser. This is a large vessel containing 
cooling pipes carrying cold water from a 
nearby river or estuary. The cooling water 
takes the last remaining heat from the steam, 
producing hot water that passes back to the 
boiler to be reheated, Condensation creates a 
vacuum in the condenser, allowing more 
energy to be extracted from the steam. 

The turbine shaft rotates at a speed set by 
the frequency of the electricity supply. In Bri- 
tain and many other European countries the 
speed is 3,000 revolutions per minute (50 
Fevolutions per second), corresponding to an 
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Samang font ana 


alternating supply at 50 hertz (cycles per 
second). In the United States the turbine 
speed is normally 3,600rpm, corresponding 
to a 60Hz supply. 

The electricity generator consists of two 
electrical windings [2]. One is mounted on 
the turbine shaft, rotating with it, and is 
called the rotor. The other is arranged as a 
shroud around the rotor, fixed to the floor, 
and is called the stator. The relative motion 
of rotor and stator generates the electricity 


Generators and efficiency 

To get the best performance out of the 
generator it must be continuously cooled. At 
one time natural cooling or forced cooling by 
air fans was used, but since the early 1950s 
hydrogen gas has been employed because it is 
much more efficient. The rotor and stator 
operate in an atmosphere of hydrogen, which 
removes the heat. In the most recent designs 
the rotor windings are made of hollow copper 
tubes with hydrogen circulating through 
them and the stator windings are cooled 
individually by tubes carrying hydrogen. 
With “direct” or “inner” cooling, as this 
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2 Turbines and gen- 
erators are the com 
ponents that convert 
the rotary motion 
produced by steam 


vious one. Super- 
heated steam at 
up to 600°C 
(1.112'F) gives up 
much of its energy 


power into electri ina high-pressure 
city. To obtain the turbine. The exhaust 
maximum energy steam from this 
from the hot st stage is reheated 


there are sever 
stages of turbines — 


and passed to an 
intermediate-pres: 
sure turbine and 
then to the low: 
pressure turbine. 
The output shaft 
drives a generator. 


power 
each using steam at a 
slightly lower pres- 
sure than the pre- 


technique is called, the output of the 
generator can be doubled 

The generator produces electricity at 
about 25,000 volts. Most domestic supplies 
operate at only 250 volts but it is much more 
economical to transmit electricity over long 
distances at very high voltages. The first step 
in distribution, therefore, is to step up the 
voltage to a higher value (275,000 or 
400,000 volts in Britain) using a transformer 
It can then be fed to the national grid, which 
links countrywide generating plants. 

Linking generating plants helps to 
operate the entire network in the most 
economical way. The efficiency of a large 
generator becomes less when it operates at 
only part-load. So rather than reduce output 
to match demand it may be best to turn the 
generator off altogether and switch in power 
from another station which is kept going at 
full power. Electricity authorities compile a 

‘merit order”, with the most economical sta- 

tions at the top of the list, to decide which of 
the stations to turn off first as demand for 
power drops. This enables them to keep the 
cheapest stations in operation all the time 


3 A low-pressure 4 The turbine hall 
turbine, shown hero of a modern power 
diagrammatically, station contains a 
illustrates howstaam mass of heavy machin 
prøssureismadeto ery and insulated 

turn the blades. pipes carrying stoam 
There are two similar between the various 
sets, mounted back turbines. Galleries 
tobackonthesame and catwalks halt: 
shaft for efficiency, way up the machines 
The central blades, enable engineers 
where steam pressure to inspect and main 

is highest, are tain them. The 
smaller than those steam-generating 

at the ends where boilers may be sited 
pressure is lowest. beneath the floor, 
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Oil and gas engines 


In the traditional steam engine, and even ina 
modern steam turbine, fuel is burned outside 
the engine to heat water and raise steam to 
drive the engine. But it is more efficient to 
burn fuel inside an engine and let the expand- 
ing gases produced drive a piston or turbine. 

The first such internal combustion 
engine, running on gas [Key], was built by the 
German engineer Nikolaus August Otto 
(1832-91). His engine, demonstrated in 
Paris in 1867, was large, noisy and not very 
efficient. But it became the forerunner of 99 
per cent of all today’s engines. 


The four stroke cycle 

Nine years after the first gas engine Otto 
devised another, based on the four-stroke 
cycle. The crucial advance in this engine was 
that the gas was compressed before it was 
ignited, giving not only a considerable 
improvement in efficiency but also a marked 
reduction in fuel consumption. 

It takes four strokes of the engine to in- 
clude one of power, so this system is known as 
the four-stroke cycle. It is by far the most 
common type of engine in use today. The 


1 A 


The petrol-air mix- 
ture passes into the 


‘overhead valve petrol cylinders through inlet 
engine [A]. The petrol valves [3]. The valves. 
pump [1] draws fuel are closed by springs 
from the petroltank [4] and opened by tap- 
and inthe carburettor pets controlled by 

[2] itis vaporized push rods via the cam- 
and mixed with air. shaft [6]. High-tension 
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four main stages are an induction stroke in 
which a downward movement of the piston 
sucks in the fuel-air mixture; a compression 
stroke in which upward movement of the 
piston compresses the gas; a power stroke -a 
second downward piston movement caused 
by the explosion of the fuel; and an exhaust 
stroke in which the upward-moving piston 
forces exhaust gases out of the cylinder. 
Many motor cycles and a few small cars 
use the two-stroke cycle first devised by 
Dugald Clerk in 1880. In this type of engine 
the movement of the piston admits the fuel 
and exhausts the burned gases by uncovering 
“ports” or holes in the side of the cylinder. 
Fuel and exhaust pass in and out of a four- 
stroke engine using a more sophisticated 
system of valves, controlled automatically by 
a camshaft driven direct from the engine’s 
crankshaft, As the engine operates, the 
valves are successively opened and closed. 
The moment of ignition of the fuel must 
also be accurately controlled. This is done by 
a distributor, again mechanically connected 
to the crankshaft, which directs a current of 
electricity successively to each of the 


cylinders, This current “fires” a spark in the 
sparking plugs and the fuel is ignited. 

Otto’s engines ran on coal gas, a perfectly 
satisfactory fuel but one that is difficult to 
store. The gas engine was greatly improved 
by the use of liquid fuels such as petrol 
(gasoline) made by refining crude oil. To turn 
petrol into a combustible vapour it is mixed 
with air to form a fine mist of droplets that 
can be drawn into the cylinders. The mixing is 
carried out in a carburettor. 

Unlike steam engines most internal 
combustion engines do not produce great 
power at slow speeds. The cylinders are small 
and each individual ignition stroke produces 
comparatively little power. To obtain a useful 
amount of work from such an engine it must 
be run fast, to put the maximum number of 
ignition strokes into each second, Motor car 
engines commonly produce their maximum 
power at speeds of 5,000 revolutions per 
minute or more. The upper limit on speed is 
Set by the wear and tear on the engine caused 
by the oscillating pistons and valve gear 
Specially prepared engines, in which great 
attention has been paid to balance and 
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electric current from 
the coil passes to the 
distributor [6], which 
feeds it in the correct 
order to the cylinders 
to work the sparking 
plugs, which ignite the 
fuel. Expanding burnt 
gases depress pistons 
17), whose movement 
rotates the crankshaft, 
A pulley [8] drives a 
cooling fan [9] by 
means of the fan belt, 
Lubricating oil cir- 


ra naturai gas 
Mosern ste 


How an aerepiane 


culating round the 
engine is cleaned by 

ve oil filter [10]. 

The engine is started 
by the starter motor 

[11] whose geared 
shaft engages with the 
toothed flywheel (1 
‘Common engine cor 
figurations include the 
in-line four [B], a 
horizontally opposed 
or flat four [C] and 

a V-8 [D], with two 

ts of four cylinders 
inclined at an angle. 


smoothness, can obtain more power by run- 
ning up to speeds of 12,000 rpm or more. 


The economical diesel engine 

The compression-ignition engine, designed 
by the German Rudolf Diesel (1858-1913) 
in 1896, dispenses with the carburettor and 
sparking plugs of the petrol engine. The gas 
inside the cylinder on the compression stroke 
is pure air, which is compressed to 1/14 to 
1/20 of its initial volume — a much higher 
compression ratio than is used in petrol 
engines. At the top of the compression stroke 
a fine spray of oil fuel is injected into the 
cylinder. As a gas is compressed its tempera- 
ture increases, so that the oil spray meets the 
air charge at a temperature sufficiently high 
to ignite it spontaneously. 

Because of its high compression ratio the 
compression-ignition or diesel engine is more 
efficient than a petrol engine. But for the 
same reason it must be more heavily built, 
thus offsetting the advantage somewhat. 
Diesel engines offer economies in fuel 
consumption at the expense of a loss in 
performance; they are particularly suited to 


2 In a carburettor [Sl and pastthe 

[A], petrol entersthe throttle valve (6). 
float chamber [1] con- in an overhead valve 
trolled by a needle angina [B] the valves 
valve [2]. Partofthe [7] are worked by 
air passing the choke push rods [8] moved 
valve [3] mixes with by cams on the cam- 
the petrol [4]. The shaft (9), which is 


mixture passes into 
the main air stream 


rotated by a chain [10] 
from the crankshaft [11]. 


frequent stop and start duties, and as a result 
are widely used in taxis, buses and lorries. 


The powerful gas turbine 

The gas turbine, a completely different kind 
of engine, was first devised at the beginning 
of the twentieth century and perfected in the 
1930s. It usually has a single shaft carrying a 
series of propeller-like fans divided into two 
groups, the compressor and the turbine. 

In an operating gas turbine air is drawn in 
by the compressor fans and its pressure in- 
creased. The comy air is mixed with 
fuel and ignition takes place, further in- 
creasing temperatures and pressures. The 
burned mixture leaves the engine through the 
turbine, driving the blades round, Much of 
the power produced is taken up by the com- 
pressor, which is often driven directly by the 
turbine, but enough is left over to make the 
gas turbine an exceedingly powerful form of 
engine. Efficiencies are not high, but the 
good power-to-weight ratio of a gas turbine 
makes it suitable for aircraft propulsion, 
A gas turbine is about three times as powerful 
as a piston engine of the same weight. 


4 A gas turbine, such 
as this Rolls-Royce 
Viper turbojet, uses 
the hot gases from 
the buring of fuel 
to turn sets of tur- 
bine blades at the 
rear of the engine. 


on the same shaft but 
at the front of the 


ng à 
ating up to 4,000 Ib 
thrust, the engine is 
used in trainer, light 
attack and business 
jet aircratt. 


gine, it used a mixture 
of gas and air as fuel. 


(2) through a slide 
valve [5] into the cylin- 


der, pulled in by move- 


ment of the piston [7]. 
On the return strol 
the fuel mixture 
ignited by a flami 
carried through a 
rrow opening in the 
slide valve from a 
continuously burning 
gas jet (6) outside the 
engine. The expand- 


ing products of com- 
bustion produced the 
working stroke. On 
the fourth and last 
stroke the exhaust 
gases were forced out 
of the engine [3]. A 
jacket of cold water 
[4] surrounded the 
cylinder and kept 

the engine cool, 


3 A diesel engine has 
no sparking plugs and 
works on the principle 
of compression-ignition. 
An injector [1] squirts 
tuel into the cylinder 

[2] where the upwards 
stroke of 
compresses 
In these conditions 
the fuel ignites spon- 
taneously and the 
‘expansion of the com- 
bustion products 
forces the piston 
downwards. A drive 
taken from the crank- 
shaft [3] works the 
fuel pump [4]. As in 


or 
but in a diesel one con- 
trols the admission of 
air only and the other 
lets exhaust gases 
out of the cylinder. 
The power of the 
ngine depends on 
the amount of fuel 
delivered by the 
pump and this, in 
turn, is controlled 

by the vehicle's 
accelerator pedal. 

A fan belt round 

a pulley at the end 

of the crankshaft 
drives a cooling 

fan and a dynamo 

or alternator to 

work the 

electrical accessories, 
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Wind and water power 


The windmill [Key] and the waterwheel [1] 
are two of the oldest forms of power. Water- 
wheels were in use in Rome in 70 BCto grind 
corn while the windmill made its first appear- 
ance in Persia in AD 644. The modern water- 
wheel, in the form of the hydroelectric tur- 
bine, is more important, but the use of wind 
as a power source is showing signs of revival. 


From waterwheels to turbines 
A waterwheel or turbine converts the energy 
of flowing water into a rotary motion [3] 
Early waterwheels used the undershot prin- 
ciple, in which the lower half of the wheel was 
simply immersed in a flowing stream [1], 
They had an efficiency of only 30 per cent 
Overshot wheels, in which the flow of water is 
directed over the top of the wheel, produce 
efficiencies of 70 to 90 per cent, figures 
similar to those for modern turbines. 
Turbines replaced waterwheels in the 
second half of the nineteenth century. There 
are three categories: impulse turbines, reac- 
tion turbines and axial-flow turbines [4]. An 
impulse turbine needs a high head of water 
Pressure. The falling water is directed 


1 The two basic 1 
types of waterwheols 
are called overshot 
IA] and undershot 
[B]. In the overshot 
wheel, a stream of 
fast-flowing water 
is directed on top 
of the wheel, which 
turns forwards. Tho 
paddles of the under 
shot wheel dip into 
the mill stream and 
the water current 
turns the wheel back- 
wards, In both types 
of waterwheels tho 
energy of flowing 
water is converted 
into rotary power. 
It can be used to 
drive various mach. 
inos, such as pumps 
or mills for grind- 
ing corn. Water power 
can even be harn F 
essed to drive a dynamo 
or alternator for gen- 
ating electricity 
Waterwheels are 


and pollution-free. A 


through a nozzle and the rapidly moving jet 
produced hits “buckets” on the edge of a 
wheel. A reaction turbine operates on the 
same jet principle as a rotating lawn- 
sprinkler; an axial-flow turbine has a vari 
able-pitch propeller in a large diameter tube. 


Hydroelectric schemes and tidal power 
Most water turbines are used to exploit the 
run-off of water from mountain areas which 
is stored behind a dam, These turbines drive 
electrical generators. In countries with many 
mountains such schemes provide cheap, 
pollution-free power. Hydroelectricity is the 
fourth largest source of energy in the United 
States while in Britain it is important only in 
the north of Scotland. 

A considerable capacity of such conven- 
tional turbo-power remains untapped: the 
Fraser River in Canada, for instance, could 
generate 8,700 megawatts (MW) of electrical 
power, the Brahmaputra in India 
20,000MW. The Yenisey-Angara river 
system in the USSR, with 1 1,000MW already 
installed, has the capacity for generating an 
additional 53,000MW 
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Water turbines can also be used to gen- 
erate power from the small heads of water 
produced by the tides [2]. The only full-scale 
power station of this kind is in the Rance river 
estuary in the Gulf of St Malo in northern 
ance. The range of rise and fall produced 
by the tides varies widely from place to place 

from as little as 2cm (0.75in) in Tahiti to as 
much as 15m (50ft) in the Bay of Fundy in 
eastern Canada. But only places at the upper 
end of this range make suitable sites for tidal 
power stations, and even then the economics 
of such a scheme may not be easy to justify 

Unfortunately the times of the tides do 
not always coincide with peak electricity 
demand. A tidal power station might reach its 
full power in the middle of the night, when 
electricity demand is lowest. One way of 
reducing this problem is to divide the tidal 
basin into two: a high basin that fills between 
mid-tide and high tide and a low basin that 
empties between mid-tide and low tide. The 
setting up of such a scheme allows a con- 
tinuous difference in level to be maintained 

Another alternative is to use the high 
basin as a pumped storage system [4]. In 


2 Water waves inthe 3 A simple turbine 
continuous swell of of the 16th century 
the open sea are a used the power of 


vast and as yet largely 
untapped source of en- 
ergy, When a wave 


running water to work 
a pump for irrigation, 
Rotation of the tur- 
bine [1] turned a 
whee! [2] with teeth 
on only half its cir- 
cumference. The cog 


large masses of water 
move up and down, 
This can be con: 
firmed by watching a 
cork or other light 
abject floating on a 
pond, When ripples 
pass it, it does not 
move along but only 
bobs up and down, 
The assembly of rock 
ing floats shown 

here is designed to 
harness wave power 
and generate electri 
city. The structure 
would be about 300m 
(1.000%) long — the 
size of a supertanker. 
The movement of the 
floats works pumps 
and the flowing water 
from them powers tur 
bines that drive 
electrical generators 
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See aiso 


Saving luei and 


ly in opposite 
directions making 
the pump wheel [4] 
oscillate. Self 

acting valves allowed 
the pistons [5] to 
draw water into one 
cylinder while push: 
ing it out of the other. 


pumped storage electricity generated by con- 
ventional plants and not needed by consum- 
ers is used to pump water from a low-lying 
basin into a high-lying one. When demand 
picks up, the water is allowed to flow down 
again, generating electricity like an ordinary 
hydroelectric plant. Such a scheme is not a 
net generator of electricity but it provides 
a means of storing large amounts of power. 


Harnessing wind power 
The use of wind to generate electricity has 
been less successful. Despite the immense 
amounts of power theoretically available 
(Britain could meet most of its electrical 
energy needs by harnessing just a fraction of 
its available wind energy) the problem of har- 
nessing it economically has yet to be solved, 
The power available to a windmill [Key] is 
proportional to the cube of the wind velocity 
and the area swept out by the blades, The 
ultimate efficiency possible is 59 percent, but 
practical machines would be unlikely to do 
better than 45 per cent. Estimates suggest 
that the generation of electricity by wind 
could compete with nuclear power in a 
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limited number of sites where average wind 
speeds exceed 32km/h (20mph). But there 
are not many such sites (30 have been iden- 
tified in the British Isles) and wind power is 
thus unlikely to be able to generate more 
than about one per cent of electricity needs. 

For this reason more interest is being 
shown in exploiting the stored power of the 
wind in sea waves [2]. Winds blowing over a 
long stretch of ocean generate powerful 
waves, and could be used as a source of 
power. The most promising design, produced 
by S. H. Salter at Edinburgh University, uses 
a floating boom that rocks to and fro as the 
waves pass, operating pumps to compress a 
fluid which would then be allowed to expand 
through turbines to generate electricity. 

‘The amounts of wave power available are 
large. In Britain they add up to 80KW per 
metre along coasts, or a total in British 
territorial waters of 120,000MW - three 
times the peak electricity demand in 1975. 
The amounts of power available are also gre- 
ater in winter, when demand is at its highest, 
but the problems of building and maintaining 
such booms are formidable. 


4A pumps (3) are un- 
hydroelectric system coupled the machine 
[A] uses turbines to acts as anormal 
generate electricity hydroelectric genera- 
atpeaktimesandto tor, But when the 
pump water back be- geared coupling [4] 
hind a dam when is engaged the water 
demand is low. A turbine drives the 
reaction water turbine pump up to operating 
11] drives an elec- speed. Then the ge 
trical generator [2] erator is connected to 


When the centrifugal the electricity supply 


whence it acts as a 
motor. The turbine 


bines are in common 
use. The Francis re- 


valve [5] is closed, action turbine [B] 
the pump valve (6]is has adjustable fixed 
blades that divert 


the water stream in 
such a way that it 


pumped back behind 
the dam, adding to 
the volume of stored 
water available for 


tangent. Water flows 
out of the turbine 
downwards. In the 


Windmills have been 
used for many 
centuries for harn- 
essing the power of 
the wind. Originally 
the power was used 
for grinding corn— 
hence the name mill 
= but later windmills 
were used to drive 
pumps, particularly 
for draining low- 
lying regions of the 
Netherlands and east 
‘ern England in the 
Fens and East Anglia, 
‘Some early windmills 
had canvas sails, 
developed from those 
used on ships. Then 
slatted wooden sai 


bonnet mill. 

‘The sails turned with 
the bonnet or cap on 
the top of the mill, 

so that they always 
faced into the wind, 
In a post mill the 
whole structure 
pivoted on a central 
post and turned 

to face the wind. 


Pelton wheel or im- 
pulse turbine [C] 

the water passes 
through a jet and 
strikes bucket-shaped 


the Kaplan a 
turbine [D] resemble 
a ship's propeller. 
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Power direct from the sun and earth 


Much of the energy man consumes comes 
indirectly from the sun. Coal, oil and hydro. 
electricity can all be thought of as forms of 
solar energy, stored as long-dead plant and 
animal remains or as water, evaporated from 
the sea by the sun, which falls as rain and pro: 
vides water power. Today, however, the 
search is on for a way to use solar energy 
directly; coal and oil take millions of years to 
produce and many of the best hydroelectric 
sites are already in use. 


Collecting solar energy 

There are many possible ways of tapping 
solar energy. It may be intercepted in space 
by a satellite and beamed to earth as an 
intense beam. More simply, it can be col 
lected as it reaches the earth's surface by 
collectors that are basically hot water 
radiators working in reverse. Such collectors 
can provide space heating in houses or can be 
used as the basis for air-conditioning systems. 
Solar energy can also be converted directly 
into electricity, at low efficiency, by solar 
cells those used in satellites 
Alternatively, it can be collected by using it to 


similar to 


1 A solar furnace 1 
harnesses the sun's 
energy by focusing 
its heat and ligi 
using large leni 
or mirrors. This 
furnace at Mont: 
Louis in France gets 
hot enough -upto 
3,000°C (5,430°F) ~to 
melt metals. The heat, 
which is completely 
clean and uncontam. 
inated by fuel gases, 
could be concentrated 
onaboilerto raise 
steam for dom 
heating or for driv. 
ing a turbine for 
generating electri 
city. Generally a set 
of flat mirrors 

is arrangedto follow 
automatically the 
path of the sun and 
reflectits rayson 
tothe stationary 
furnace mirror, The 
tracking mirror is 
called aheliostat 
and may be driven by 
anelectric motor so 
that it moves through 
exactly 15 minutes 
of arcevery hour 
Alternatively the 
angle of the helio: 
stat may be con 
trolled by a photo- 
cell or thermocouple 
that detects the 
absence of light 

or heat rays. 


grow plants that are then used directly as fuel 

or converted into a liquid fuel by chemical 
conversion or by the use of micro-organisms. 
Finally, the heat stored in the sea can be used 
to provide energy by employing the tempera 

ture difference between water at the surface 
exposed to the sun and cold deep water 


The systems compared 

Of these possibilities, only the humble solar 
collectors are so far used. They consist of 
panels, usually mounted on the roof of a 
building and angled so as to obtain the max- 
imum amount of sun, Water is pumped 
through the panels, picking up heat from the 
sun as it goes. The pump is controlled by a 
sensor so that it operates only when the col 
lector is several degrees hotter than the water 
in the storage tank. Unfortunately, the sun 
does not shine all the time, particularly in a 
northern country such as Britain, but despite 
this it is estimated that a well-designed solar 
collector system in Britain could cut hot 
water and space heating costs by half. In 
warmer countries the advantages are greater 
and such collectors are widely used in Israel 


2 A solar coll is made 
from a layer of p-type 
semiconductor surround. 
ing a disc of n-type 
material. When light 
strikes the pn junction 
between them electrons 
are released and can 
flow as an electric 
current in a circuit. 


3 Soler collectors, 
seen here on the root 
of a house, provide 
energy for domestic 
space and water 
heating. Flat-piate 
collectors are sheets 
of metal painted 
black and they 
transfer heat to 

air or water circu- 
lating behind them, 


Systems for converting solar energy 
directly into electricity are less attractive 
The solar cells used by spacecraft are expen 
sive and typically have conversion efficien- 
cies of only ten per cent or less. In principle 
electricity could be generated by covering 
rooftops with solar cells [3] but this would 
depend on producing cheap cells of the order 
of only a few pounds per square metre. At 
present, they cost more than £100 per square 
metre (£9 per square foot). 

An alternative would be to collect solar 
energy by using transparent pipes carrying a 
molten mixture of sodium and potassium, 
The mixture would be heated to well above 
the boiling-point of water by concentrating 
the sun's rays on to the pipes with reflectors. 
The hot metal would then be used in a heat 
exchanger to raise steam, which could be 
used to generate electricity. Such a scheme, 
based in a desert area, would need a lot of 
land ~ 50 to 200 square kilometres (19.3 to 
77 square miles) for every 1,000 megawatts 
of electricity - and might be feasible to intro- 
duce in the 1980s 

The other possibility is to make use of the 
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difference in temperature between deep 
ocean water and surface water. The circula- 
tion of ocean water is limited, which means 
that there is often a difference of as much as 
15°C (23°F) between deep and surface water, 
By making use of this difference the vast 
quantities of solar heat stored in the sea could 
be used. But the efficiency of operation 
would be only about five per cent. 


Energy from the earth 

The eruption of volcanoes is graphic evi- 
dence of the energy stored inside the earth. 
Once thought to be left over from an ancient 
molten earth, geothermal heat is now 
believed to be produced continuously by the 
slow decay of radioactive elements deep 
inside the earth's core. 

In some places on the earth's surface this 
heat escapes, cither as a volcano or as hot 
springs and geysers [Key]. The first attempt 
to make use of geothermal heat [5] was at 
Larderello in Italy where natural steam is 
now used to generate 390 megawatts of elec- 
tricity. Other geothermal plants are in opera- 
tion in Iceland, Japan, New Zealand, the 


‘earth in deop rocks) 
can give rise to hot 
springs when water 
naturally accumulates 
underground. A bore- 
hole drilled down 

into the water can 

be used to get. 
supply of hot water 


in Scandinavia, the 
USSRandthe 
‘United States. 


USSR and the United States. In the United 
States, geysers 145km (90 miles) northeast of 
San Francisco generate 302 megawatts. 

The number of places where steam or hot 
brines occur naturally is limited and depends 
on a supply of water. If a hole is drilled any- 
where on the earth's surface it becomes 
hotter the deeper the drill goes, but the rate 
at which the temperature increases - the 
temperature gradient - varies widely, In 
places with a steep temperature gradient it 
may be possible to extract heat by drilling 
holes, fracturing the rocks at the bottom, 
then passing down water from the surface to 
be turned into steam and used to generate 
electricity, Experiments to test the feasibility 
of this scheme are in progress at Los Alamos 
Scientific Laboratory in New Mexico [6]. A 
volume of about 520 cubic kilometres (125 
cubic miles) of underground rock a few hun- 
dred degrees hotter than the surface rocks 
contains as much energy as the entire world 
uses in a whole year. If only a small fraction of 


this energy can be extracted, geothermal Geysersspout steam 
power plants could supply huge amounts of = S0rariperneategwarer 


pollution-free power. They occur in regions 
4 Anorbitingcollec- 5 

tor for solar energy 
would uso an array 
of single-crystal 
silicon solar cells 
toconvert sunlight 
into electricity. 
Arotating joint 
would connect the 
collector panel toa 
transmission line 
leading to a control 
station and a micro- 
wave aerial. Atthe 
station the electric 
power would be con- 
verted to a micro- 
wave radio signal, 
which could be beam- 
ed downto a receiv- 
ing aerial on earth. 


-@ 


1 Solar collector (6 x 2:5km) 
2 Solar cells $ 
irrors 


6 A man-made hot 
spring can be used, 
asin this experiment 
atLos Alamos, 
USA, as a source of 
heat energy. A bore- 
holeis drilled several 
hundred metres into 

a natural cavity in 
theearth in which 

the temperature may 
be as high as 300°C 
(572'F). Water pumped 
down the bore 
isheated andled upa 
second bore-hole. At 
the surface the hot 
water passes through 
aheat exchanger, 
which acts like a 

car radiator, trans- 
ferring its heatto 

air blown over it. 


USAand, as here, 
NewZealand. Itis 

possible to “tap” the 
hot water for energy. 


that have active or 
recently active vol- 
canoes, such as Ice- 
land, Wyoming 


Oil refinery by night, 


allle 
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Nuclear power 


Nuclear power is the controlled release of the 
most concentrated source of energy man has 
yet discovered — the energy of the atomic 
nucleus. When the nucleus of a heavy atom 
divides into two, in a process called fission, it 
releases prodigious amounts of energy - sud- 
denly in an atomic bomb, slowly and controll- 
ably in a nuclear reactor, where the energy is 
harnessed to produce steam and, through 
turbines, generate electricity 

The only naturally occurring element 
that will spontaneously undergo fission is 
uranium. As it is found in nature, uranium 
ore is a mixture of mainly two isotopes, 
uranium-235 and uranium-238, and only the 
first of these will undergo fission spontane- 
ously. (Isotopes are two forms of an element 
with different masses and other physi 
properties but identical chemical properties.) 
In the ore, U-235 makes up no more than 0.7 
per cent of the uranium present. The amount 
Of this isotope is increased, in a process called 
enrichment, to produce a mixture of isotopes 
that is about 90 per cent U-235. 

The fuel is sealed into thin, pencil-shaped 
containers [5] so that it and the poisonous 


1 Nuclear reactors 
generate electricity 
Using the heat pro- 
duced by the control. 
led fission (splitting) 
of atoms of uranium 
or other similar 
elements, The heat is 
used in much the same 
way as in power 
stations that burn 
coal oF oil to pro: 
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duce high-pressure 
steam to work turbine 
generators ~ only the 
source of the heat 
differs, Large vol- 
umes of cooling water 
are needed, Various 
liquids can be used 

to “carry” heat from 
the reactor to the 

heat exchanger. These 
include liquid sodium 


products of the fission process cannot escape 
The fuel elements are supported, usually 
vertically, so that water or gas can flow bet- 
ween them to take away the heat produced by 
fission. After flowing past the hot fuel ele- 
ments and picking up their heat, the coolant 
is taken away and used to raise steam to pro- 
duce electricity in turbine generators. 


Controlled chain reactions 
Most reactors, however, need more than just 
fuel and a coolant, The fissioning of a U-235 
nucleus is triggered off by a neutron, which 
strikes the nucleus and disturbs it just suffi- 
ciently to make it divide into two. In the pro- 
cess of dividing the nucleus produces two or 
three fresh neutrons, which fly off and strike 
other U-235 nuclei, creating a chain reaction 

A nuclear reactor [1] must be so contrived 
that of the neutrons produced by each fission 
one, and only one, must cause a second fis- 
sion. Only then will the reactor work steadily 
and at a constant speed. If on average more 
than one neutron from cach fission causes a 
second fission, the reactor will accel 
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l or, as here at 
the Ko-Ri power sta 
tion near Pusan in 
South Korea, water 
under high pressure, 
Pressurized wate 
ctors are today 

the most common 
type worldwide, The 
various parts of this 
highly complex instal- 
lation are: [1] pres- 


surized water pipes 
{2} reactor building: 
[3] turbine building: 
[4] high-pressure 
turbine; [5] low: 
pressure turbine; (6) 
generator; (7) fire 
wall; (8) transform: 
ers; [9] main trans 
former; [10] switch. 
gear; [11] cooling 
water outlet; [12] 


will gradually lose power until it stops. 

The neutrons produced by each fission 
travel extremely fast - about 16,000km 
(10,000 miles) per second - and tend to 
escape from the reactor altogether before 
they can cause an additional fission. To make 
the reactor work they must be slowed down 
using a material called a moderator, to 
increase the chances that they will collide 
productively with another U-235 nucleus and 
cause another fission, 

Moderators are light atoms which slow 
the neutrons down by a series of collisions. In 
commercial designs, three types of mod- 
erator have been used — water, graphite and 
heavy water, which is ordinary water in which 
the hydrogen atoms are replaced by heavy 
hydrogen or deuterium atoms 


Safety and refuelling 

The reactor is controlled by neutron- 
absorbing rods which can be moved in and 
out of the core at will. As the control rods are 
removed, the number of neutrons absorbed 
declines, so that more are available for fission 
and the reaction speeds up [2]. To stop the 


new fuel store; [23] 
fuel loading bay. 

[24] fuel handling 
hatch: [25] spant 
fuel drum; [26] fuel 
crane; [27] reactor 
coolant pump; [28] 
refuelling gantry: 

[29] pressurizer: 

[30] steam generator; 
[31] drum store; (32) 
waste drum loading 


condenser; [13] cool- 
ing water inlet; 

[14] control room; 
[15] spent fuel 
bridge: [16] new fuel 
litt; [17] spent tuel 
storage rack; [18] 
spent fuel drum; 
[19] drum load- 

ing; [20] reactor 
vessel; [21] decon- 
tamination pit; [22] 
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area; [33] cooling 
water discharge; [34] 
auxiliary venti 

lation; [35] cooling 
water from turbines; 
136] seawater (cool- 
ant) pump house; [37] 
cooling water to 
turbines; [38] coo! 
ing water pump 
house; and [39] sea 
water inlet tunnel. 


reactor in a hurry ~ a procedure known as 
scramming it ~ the control rods are pushed 
into the core as quickly as possible. The rods 
‘soak up” neutrons, leaving fewer available 
for taking part in fission, and the reactor 
slows down, 

Surrounding the reactor are concrete and 
steel walls thick enough to absorb any acci- 
dental radiation escape. And, to make sure 
that the whole system is safe, the reactor must 
have emergency systems designed to cope 
with any unexpected failure of the fuel ele- 
ments or the cooling system. 

When the fuel elements are exhausted 
they are taken out of the reactor and replaced 
by new ones. The old ones, which still contain 
some unused U-235, are taken toa reproces- 
sing plant to extract what is left [3]. At this 
point the nuclear reactor produces a useful 
bonus. Among the products inside the old 
fuel elements is a new man-made atom, 
plutonium-239, created by the neutron 
bombardment of U-238 

Plutonium-239 (Pu-239), just like U- 
235, is spontaneously fissionable, so that it 
can be used to make atomic bombs or to fuel 


2 A graphite-moder- 
ated reactor also 
raises steam to power 
turbine generators 
Neutrons, slowed 
down in a surround. 
ing block of graphite, 


split atoms of 
uranium-235. Each of 
these produces 


more neutrons, which 
are again slowed and 
produce further 
fissions. Rods of cad- 
mium (blue) are lower- 
2d into the “pile” to 
mop up some of the 
new neutrons to con: 
trol the reaction 


and hence the rate 
of heat production. 
4 + 
Ga 
t Coolant 


moderator 

4 in a pressure passes through the 
tubs reactor the reactor vessel, sur 
Pressurized coolant rounded by a neutron: 


(water, heavy we 
or an organic liquid) 


r absorbing heavy 
water moderator. 


new nuclear reactors. The first reactors were 
designed and built as plutonium factories for 
the production of atomic bombs. Plutonium 
is, however, extremely poisonous and 
People have become concerned about the 
world increase in the am punt of this element. 


The fast breeder reactor 

The latest type of reactor, the fast breeder 
[6], is also designed to make use of the acci- 
dental production of Pu-239, It is fuelled by 
uranium and around the outside of the core 
to catch the escaping neutrons, is a “breeding 
blanket” in which U-238 is converted into 
Pu-239. So effective is this arrangement that 
a fast breeder creates more Pu-239 than the 
nuclear fuel consumed in the process. 

To date, all existing reactors use the fis- 
sion reaction in which heavy atoms split to 
Produce energy. It has so far Proved much 
more difficult to tame the other powerful 
nuclear reaction — fusion — that gives the hyd- 
rogen bomb its awesome power [7]. In this 
reaction light atoms heated to two million 
degrees fuse together to build heavier atoms, 
producing huge amounts of energy 


3 Nuclear fuel is 
used cyclically. From 
the mine, uranium ore 
passes to a mill to 

be converted to 
‘anium oxide. This is 
the 
fluoride, goes to an 
enrichment plant be- 
fore being converted 
back to the oxide and 
made into fuel. T 
enriched fuel is then 
used in the reactor, 
from which spent 
fuel is reprocessed 
and the recovered 
lium reconverted 
into fluoride and 

fed back to the 
enrichment plant. 
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5 A pressure-vessel 
reactor is in a tank 
of steel 20-30cm (8- 
12in) thick and clad 
with stainless steel. Uranium fission 
7 Scientists ar 
trying to harness 

the fusion reaction 
that powers a hyd. 
rogen bomb. At the 
very high temper. 
atures the reacting 
gases, now called a 
plasma, are confined 
by magnetic fields. 


8 Nuclear reactors 
for power stations, 
such as this one at 
Dounray, Scotland, 
need a plentiful 
supply of water for 
cooling. This water, 
drawn from the sea 
or an estuary, 
used in condensers 
to convert exhaust 
steam to water. 


All nuclear power 
stations have basic- 
ally the same layout 
Areactor [1] heats 
water and converts it 
(either directly or 
indirectly) into 
steam [2] which then 


drives a turbine 
generator [3] to 
Produce electricity, 
Exhaust steam is con- 
verted back to water 
in a condenser [4], 
using cold water from 
a cooling tower (SI, 


Refinery 


Reactor Fuel factory 


Reprocesser 


exchanger 


Liquid sodium 


ulated by a pump |6] 
back through the hot 
part of the reactor. 
The cooling tower 
needs a supply of 
cold water from a 
river or the se 


Enrichment 


Reconverter 


6 Ina fast breeder 
reactor, uranium 
fuel is used and at 
the same time con- 
verted into the 
fissile element 
plutonium. Liquid 
sodium metal carries 
heat from the reactor 
to a heat exchanger, 
converting water to 
steam to drive tur- 

bine generators. 
Acondenser turns 
the exhaust steam 


plutonium produced 
is used to enrich the 
uranium fuel or is 
used in other reactors, 


Coal: production and uses 


Coal is a hydrocarbon deposit that can be 
burned to provide heat energy. It is found in 
layers known as seams, usually below the 
ground [2], but in some places it appears near 
the surface immediately under a layer of soil 
[4]. It is generally hard, opaque and black. It 
was little used before the sixteenth century, 
but thereafter it became the basis of a great 
fuel industry — first in Britain, then elsewhere 
in Europe and throughout the world. 


Origins of coal 
Coal is the product of low-lying forest 
growths from several tens of millions to some 
300 million years ago [1]. The residues of the 
plant debris were submerged in swamps then 
buried beneuth great thicknesses of sand- 
stones and shales. This process was repeated 
many times, The plant deposits were sub- 
jected to pressure, heat and breakdown by 
micro-organisms; as a result they were trans- 
formed into a range of combustible solids. 
This process of transformation is often 
called “coalification” and the degree to 
which it has taken place determines the 
“rank” of the coal, Anthracite is the highest 
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aceous deposits has 
been formed over 
millions of years from 
decomposed vogo- 
table matter under- 
going various degr 
of physical compac- 


Fallen trunks and 
other plant debris 
accumulated and 
rotted to form woody 
peat. Eventually this 
was submerged, then 
buried beneath great 
thicknesses of sand- 


simplified one showing 
the essential trends in 
an undisturbed se- 
quence. Coalification 
is characterized by 

a marked increase in 
carbon content and 
an even more marked 
decrease in oxygen 
and hydrogen, The ef- 
fect of these changes 
is that higher rank 
fuels are more chem- 
ically condensed and 


they are tested by 
standard methods. 
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rank coal. Rank may vary across a single 
seam and when this occurs all seams above 
and below vary in a predictable way. In 
undisturbed vertical sections the deeper 
seams are of higher rank than those nearer 
the surface, This broad generalization, often 
subject to exceptions, is known as Hilt’s law. 

To simplify quality control, coal is often 
specified in terms of its “proximate analysis”; 
this gives its percentage composition of mois- 
ture, volatile matter, fixed carbon and ash as 
determined by standard methods. The “ulti- 
mate analysis" determines the amount of 
carbon, hydrogen, oxygen, nitrogen and sul- 
phur in coal. In addition, users may wish to 
know the “heating power” or calorific value 
of the fuel in units of heat generated per unit 
of weight burned. 

Coals may also be described in terms of 
their petrographic constituents - that is, 
considered as rock types. The four physical 
structures recognized are clarain (smooth, 
shining constituent), durain (dull, hard, 
granular), vitrain (shining, black, glassy 
lustre) and fusain (black, friable, fibrous). 

The growth of the coal industry was one 


of the main spurs to general industrial growth 
from the seventeenth to the twentieth cen- 
turies. Today, coal is not used merely as fuel 
but is the basis of the manufacture of such 
diverse commodities as perfumes, nylon 
stockings, pain-killing drugs and cloth dyes. 


History of the coal industry 
Until World War TI the coal industry was of 
key economic importance in the indus- 
trialized countries. Even in 1950 coal pro- 
vided 56 per cent of world energy supply; by 
1974 this had declined to 29 per cent because 
of marked increases in both oil and natural 
gas production. Due to the very large rises in 
oil prices in 1973, and the estimates of 
limited reserves of oil and gas, coal produc- 
tion is again being increased in many coun- 
tries that have conducted a policy of running 
down the industry since the mid-1950s [Key] 
Coal was first scratched from the surface 
of the earth where it was found by chance. It 
was later extracted from “drifts” (gently 
sloping tunnels that followed the seam into 
the ground) and later still by sinking shafts 
Today, coal prospecting is a major scientific 
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2 In modern coal 
mining, pioneered by 
the British Co: 
Board, a semi-auto: 
matic coal cutter [1] 
based on the use of ro- 
tating picks [2], applies 
self-advanced hy- 
draulic roof supports 
[3] on the coalface. 


put on to a main or 
trunk conveyor [4]. 
This carries itto 

a storage bunker with 
about 1,000 tonnes ca- 
pacity(5]. This bunker 
delivers coal ata 


constant rate to the 


The coal is dis- 

charged on to an in the area devoted 
armoured conveyor to pit-bottom loading 
which carries the equipment [8]. In the 


coal to a transfer 
point where it is 


skip the coal is 
raised in the shaft 


to the pithead 
where, by means of 
pit-top unloading 
equipment [9], it is 
transferred toa 
washing and sorting 
plant [10]. Here the 
coal is treated to 
reduce the ash con- 
tent and also graded 
into size groups. 


loaded at the train 
loading tower 
[11] for del 
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undertaking employing geophysicists and 
advanced instruments for investigation 
before trial borings are made, Sinking a pit is 
now a major project that takes between five 
and ten years, demands the investment of 
many millions of pounds and penetrates into 
the earth with shafts many hundreds of 
metres deep. 

Coal was originally dug out by pick and 
shovel and removed to the surface in baskets. 
Today, in all industrialized countries, coal 
mining is wholly mechanized and pit outputs 
may range up to more than a million tonnesa 
year [2]. The miners operate mechanical cut- 
ters and the coal is transferred by conveyor or 
underground trains, The tendency is towards 
remotely operated equipment so that men 
are increasingly withdrawn from the 
dangerous areas where the coal is actually 
being won. In one development a coal- 
cutting machine is automatically steered 
along the face using a radioactive probe to 
measure the thickness of the skin of coal left 
in the roof as it cuts its way along. Coal 
mining continues to be an occupation 
demanding special care, but the death and 


3 Pithead equipment, 
used to transfer the 
coal to the preparation 
plant, was once the 
symbol of a mining 


community. Today 
itis concealed in a 
building designed to 
blend better with the 
Surrounding landscape. 
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process removes 
‘most of the tarry 
substances and the 
fuel produced burns 
leaving very little ash 


industrial use. 
Coal is heated in 
ovens, out of contact 
with the air, until it 
is white hot. This 
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7 The Anderton- 
shearer [1] is a 
rotary drum cutter 
coupled with a divort 
ing plough [2] 

which loads the coal 
on to an armoured 
coal conveyor (3) 


accident rates have been steadily reduced in 


The five-fold increase 
industrialized countries. The inflammable Ini prices during 
gas ane eleased fror coal jaused many 
gas methane may be released from the coal Se Anais 


during working and for this reason all equip- mse i = 
ment used must meet strict requirements to 
ensure that it cannot cause explosions. 


sider their policy 
regarding coal pro- 
duction. Some coal 


id (a a lt | producers had se 
| jously reduced coat 
Products from coal Coupes but ne 
Coal was at one time an important source of had generally main 
a ead ditiis S À tained the level of pro- 
gas and chemicals obtained by heating the fox} | J J k 
coal, out of contact with air, in the process USSA and other 
called “carbonization”. This has sharply || J | | | East European pro- 
declined in importance since the mid-1950s. farad hadaonned 
Nevertheless, widespread research is in pro- = oa |= = ees industlen inten 


gress to make coal once again an important 
source of chemicals using new processes, 
such as hydrogenation, that can make it into 
both gas and liquid fuels. Of all the primary 
fossil fuels coal has by far the greatest 
reserves, amounting to probably hundreds of 
years of use at expected rates; thus it will far 
outlast gas and oil. The coke produced by de- 
gassing coal is an essential ingredient in the 
smelting of iron for making steel. The coal 
gas produced from coking ovens can be used 
for heating at the coke-making plant 


Europe the relation 

ship between prices 

of oil and coal is 

the result of poli- 

tical decisions. In 

the free market econ. 

omies the state of 

the coal industry in 

| the postwar period 

has been determined 
by the ratio of prices 

| of oil and coal. Today 

scientists in Western 

Europe are finding 

new uses for coal. 


4Whenseamsare 4 
close to the surface 
the cheapest way of 
winning coal is by 
open-cast or strip 
mining. 

machines, often with 
nt grabs, remove 
top layers and then 
the coal. Many 
countries now insist 
that the land be recon. 
stituted with top- 
soil after the mining, 


Coal skip 


6 The control room 
of a modern auto: 
mated coal mine bears 
no evidence of the 
dust, grime and dirt 
traditionally asso- 
ciated with mining. 

In this one, at 
Bevercotes Colliery 
England, a single er- 
gineer monitors the 
workings of machines 
both underground 
and on the surface. 
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Oil and natural gas 


‘The world’s first oil well was drilled at Titus- 
ville, western Pennsylvania, USA, in August 
1859 by Colonel Edwin L. Drake. He found 
crude oil 21m (69.Sft) below the surface and 
started an industry that is now the world’s 
biggest. By 1980 there were round about 
624,000 oil wells throughout the world, pro- 
ducing a total of more than 65 million barrels 
of oil a day (a barrel equals 35 imperial gal- 
lons or 42 US gallons or 159 litres) 


Composition, origins and location 
Oil is a complex mixture of hydrocarbons — 
chemical compounds consisting of carbon 
and hydrogen. They range in density from 
light gases such as methane to heavy solids 
such as asphalt. And the colour ranges from 
yellow, through green, red and brown, to 
black. A typical crude oil contains about 85 
per cent carbon and 15 per cent hydrogen. 
Natural gas consists of the least dense frac- 
tion of crude oil [7] but it can often occur in 
the absence of oil 

Oil is thought to be the product of the 
decay, under special conditions, of single- 
celled plants and animals that lived hundreds 
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of millions of years ago and settled to form 
sediments when they died. Some natural gas 
has a simpler origin; methane can be formed 
by the bacterial decomposition of vegetable 
matter, and is found in marshy areas, 

Alter their formation, oil deposits fre- 
quently moved until they became trapped in 
porous rocks at depths ranging from as little 
as 30m (100ft) to more than 7,600m 
(25,000ft), For this reason oil deposits are 
not vast caverns filled with a sea of liquid oil 
and gas but are more widely dispersed 
The first prospectors drilled for oil in 
places where it seeped naturally to the sur- 
face. Today prospecting has to be more scien- 
tific [2] although surface methods can still 
sometimes be helpful. The appearance of the 
ground and the presence of the appropriate 
Kinds of sedimentary rocks can suggest likely 
Places to drill. Seismic surveys (measure- 
ments of the effects of shock waves in rocks) 
are widely used. Engineers detonate explo- 
siyes in a shallow hole and use microphones 
to detect the depths of the echoes from 
underground structures, Gravity surveys may 
also be used: sensitive instruments, some- 
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1 Exploratory oil 2 Test-drilling rock 
wells use a drilling is called well logging 
rig to drive a string Scientists measure 
of hollow steel pipes electrical and 

into oil-bearing rock. active proper 

A muddy liquid, with  potential.oil-b 
added chemicals, lub- rocks. They dri 


ricates the drilling 
bit, which may be tip- 
ped with diamonds, 


[A] electrical voltages: 
generated by the rock 
(self-potential log. 
ging); [B] the resist 
ance of the rock to cur- 
rent passed through 


3 There are various 
ways of extracting 
oil from the bore of a 
well, Natural gas 
Pressure [A] above 
the oil will force it 
up the bore [1] toa 
system of pressure- 
reducing valves |2] 
called a Christmas 
tree. Or [B] the oil 
can be lifted [3] by 


leroasing resisrivity’ 


times carried by aircraft, detect variations in CONNECTIONS 
the gravitational field and these may suggest ses aiso 

the presence of oil-bearing geological struc- Sw 

tures. Techniques such as these improve the 
prospectors” chances of finding oil from 
about 1 in 30 to nearer 1 in 5. 


Methods of drilling 
The first drills operated with a pounding 
action in a dry hole. If oil was found there was 
nothing to stop it shooting out of the hole as a 
“gusher”. Modern techniques prevent this by 
using rotary drills [1] immersed in drilling 
“mud” — specially formulated compounds 
that fill the hole as it is drilled to create a 
pressure which prevents gushers 

The drilling bit is driven downwards on 
the end of a hollow steel tube through which 
mud is pumped. As the bit drives through the 
rock the pieces of debris are carried away by 
the mud and brought to the surface. There, 
the mud is examined by geologists who check 
the nature of the stratum through which the 
drill bit has passed. This should agree with 
their survey. The mud is screened to remove 
rubble and then recirculated down the hole. 
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ray logging) 
he gamm; 
tod after a 
source is lowered g 
down the bore with a 
detector (neutron log- 
ging). The fluid 
content and porosity 
of the rock can 

give additional clues. 


And when an oil well 
is nearly dry [C] the 
remaining oil can 

be forced up the bore 
by applied gas 
pressure (5] or by 
pumping in water [6] 
to displace the oil, 


Two hazards of drilling are blow-outs of 
oil or gas and stuck drill pipes. Blow-outs are 
infrequent, but to prevent them drilling rigs 
are fitted with safety equipment that can seal 
off the hole rapidly. Stuck drill bitscan some- 
times be freed with special equipment 
Failing this they are abandoned in the hole, as 
much as possible of the drill string is reco- 
vered, and a new hole is drilled close by. 

Once drilled, a well is completed by 
inserting a 22.9cm (in) pipe in the bore and 
pumping concrete round it to seal the sides of 
the hole. A production string of 7.6cm (Jin) 
tubing is inserted to the right depth. An 
explosive charge called a “down-hole per- 
forator” is then lowered into the bore and 
detonated to puncture holes through the 
casing and concrete to let oil in. 


‘Transportation and storage 

Pipelines [6] are generally the most econom- 
ical way of transporting oil and gas from wells 
to the processors. Pipes are made of welded 
steel up to 1.22m (48in) in diameter, covered 
with asphalted felt for protection and often 
buried underground. Pumping stations along 
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4 A gas drilling 
{1} leaves a string 


ected to the mainland 
by a pipeline [4]. 


the pipeline maintain the flow and pressure. 

Sea transport is more expensive. The 
huge tankers used to transport oil from the 
Middle East are the largest ships afloat, car- 
rying a million barrels of oil or more 
Liquefied natural gas can also be carried by 
sea in even more expensive vessels called 
liquefied natural gas (LNG) carriers [5]. 

Oil is usually stored in tanks up to 30m 
(100ft) across and 9m (30ft) tall. Natural gas 
can be stored as a liquid either in refrigerated 
tanks or in ground storage caverns, which are 
made gas-tight by first freezing the sur- 
rounding ground, Then pits up to 40m 
(130ft) in diameter are dug and the liquefied 
gas pumped in. Once filled and covered with 
an insulated lid, the contents themselves 
keep the reservoir frozen. 

An ideal way of storing gas uses depleted 
oil and gas reservoirs underground and near 
consumers. This is a technique widely used in 
the United States. Disused coal mines can 
also be used, the one at Fontaine L’Evéque, 
Belgium, can hold 500 million cubic metres 
(17,650 million cubic feet) of gas and is 
claimed to be the world’s largest gasholder. 


SGasistransported 5 
by pipelines or in 

‘special ships [1]. 

Before being used it 
must be treated to 
remove various chem- 
icals. Water and 

liquid hydrocarbons 
are removed in an 
‘expansion chamber [2]. 
Alkali removes sulphur 
compounds [3], 

which are purified and 
stored |4] as a useful 
by-product. Any 
maining liquid: 
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pressure and stored 
underground [6]. 
When gas is required 
the liquid is evaporat- 
ed [7], metered and 
pumped (8] into the 
national gas grid [9]. 
Smaller pipes lead to 
domestic and indus- 
trial consumers [10]. 
Some European 
countries import gas 
ready purified and 
liquefied for storage. 


Key 


Natural gas is often 
found under the sea- 
bed, It is used di- 
rectly as a fuel, being 
burned for domestic 
heating and cooking, 
or for industrial 
heating and elec- 


tricity generation, 
The gas can also be 
treated as a raw 
material for the 
petrochemical 
industry and be 


6 Pipelines for oil 

or gas may be laid 
underwater [A] or 
underground [B]. 
Lengths of pipe from 


[4] before being laid. 
On land hine [5] 


yed [6], given a 
chemical corrosion 
protection, 


nd 
Jaid in the trench, 


and cased in concrete 
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7 Natural gas 
largely composed of 
methane and higher 
hydrocarbon gases, 
with some nitrogen, 
carbon dioxide and 
sometimes helium, 

ht varies from local- 

ity to locality but 

the methane generally 


makes up between 

85 and 95 per cent of 
the gas. It is often 
economical to ext 
the helium, whic! 
a light non-flammable 
gas used for filling 
balloons. Sulphur 
compound impurities 
must be removed. 


439 


Oil refining 


Crude oil - often called petroleum, meaning 
“rock oil" — is the source of a wide variety of 
chemicals, such as plastics, pharmaceuticals, 
cosmetics, adhesives, polishes, paints, explo- 
sives and pesticides. It is a complex mixture 
that contains hundreds of different kinds of 
chemicals called hydrocarbons, because they 
are composed of hydrogen and carbon 
Physically, crude oil is a sticky, inflammable 
liquid varying in colour from yellow, green, 
red or brown to black. It may also be fluores- 
cent. Its composition varies considerably 
from source to source. 

The hydrocarbons may be paraffins (non- 
cyclic compounds with the general formula 
(oll: ia naphthenes —_(cycloparaffins, 
largely cyclopentane C,H,, or cyclohexane 
C,H,2 and their derivatives) or aromatics. 


How petroleum is refined , 

Crude oil is processed in a refinery [1]. First 
the'mixture of hydrocarbons is separated into 
various components (called fractions). Var- 
ious hydrocarbons boil at different tempera- 
tures, and so the mixture can be separated by 
fractional distillation ~ heating so that the 


1 A modern oil refin- 
‘ery is a giant scaled- 
up chemical 
tory in which phy 


crude oil, the raw 
petroleum extracted 


ry 
crude oil [1] into 
its major compon- 
ents by distillation 
[2]. Three of th 
chief fractions — 
petrol (gasoline), 


tions such as the 

splitting of organic 

compounds with the 

aid of a catalyst, 

are carried out on 

tonnes of materials 
The 


j — the in- 
put to the refinery 


1 Crude oil 
2 Fractionating column 
3 Sulphur extraction 

4 Catalytic cracker 

5 Vacuum distillation unit 
6 De-waxing unit 

7 Solvent extraction unit 
8 Viscosity breaker 

S Bitumen blower 
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fractions boil off, condense and separate at 
different levels in a long vertical fractionating 
column [2]. These may then be further 
refined or chemically changed and some- 
times blended back into the straight distilled 
fractions to improve their qualities. 

The eight main fractions, in order of 
boiling point, are petroleum gases (which 
pass off from the top of the column), petrol, 
kerosene, diesel fuel, lubricating oil, fuel oil 
and wax (which all distil off) and a 
bituminous residue discharged from the 
bottom of the column. To achieve the degree 
of separation needed to yield the great ra nge 
of petroleum products, the oil is passed 
through a series of columns. The relative 
quantities ~ and properties ~ of the products 
are adjusted as required in accordance with 
the needs of the market. As the number of 
cars grows, so the demand for petrol 
increases; similarly the market for kerosene 
has grown with its use as a fuel for jet engines. 

Added flexibility in refinery operation is 
provided by “cracking” — breaking down 
larger molecules into smaller ones, In this 
way, heavy fractions such as those used in 
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diesel fuel can be made into petrol. For 
upgrading the quality of the petrol fraction, it 
may be “reformed”; this is a process in which 
it is mixed with hydrogen and heated over 
catalysts. Straight-chain hydrocarbon 
molecules are rearranged into ring struc- 
tures, which perform better in car engines, 
‘The resulting mixture is again fractionated. 


Conversion processes 

Small molecules may be reacted to build up 
larger molecules as a further source of petrol 
More processes are designed to remove 
impurities [3]; these are of growing impor- 
tance in view of rising concern about atmos- 
pheric pollution, Sulphur, for example, is 
removed by treating the raw material with 
hydrogen to form hydrogen sulphide, which 
is then separated; the sulphur forms a valu- 
able by-product. 

Chemicals were originally made from 
surplus refinery gas, This is still one source 
but it is supplemented by the gases, notably 
ethylene and propylene, produced by 
cracking fractions from the oil, particularly 
the petroleum naphthas. Some chemicals, 


fuel needs to have 
‘sulphur removed from 
it [3]. Part of the 
heavier diesel frac- 
tion passes to a 
catalytic cracking” 
unit [4] in which it 

is split into lighter 
petrol fuel and gas. 
The heavier fractions 
after distillation 


Fuel oil 
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are also processed, 
A vacuum distillation 
unit [5] produces 
fuel oil and lubric- 
ating oil, from which 
paraffin wax is re- 

(6). Solvents 


is bitumen [9], 
tarry substance used 
for surtacing roads. 


Gos 


such as toluene, are made during the course 
of the refinery processes. Butylenes are also 
produced and may be converted to 
butadiene, the basis of synthetic rubber 


Petroleum derivatives 

By far the most important base chemicals are 
ethylene [6] and propylene. These “building 
blocks” polymerize directly to form the plas- 
tics polyethylene and polypropylene. 
Ethylene is also converted to such materials 
as PVC, polystyrene, antifreeze, polyesters 
and ethyl alcohol and some is used to form 
synthetic rubbers. Derivatives from poly- 
propylene include solvents, acrylic fibres, 
polyurethane, foam plastics, nylon and mate- 
rials called “plasticisers” that are used to give 
flexibility to paint films and resins that would 
otherwise be brittle. 

Next in importance are the aromatics — 
benzene, toluene and xylenes. The main 
source is catalytic reforming but some arise 
during the special cracking of naphthas after 
hydrogen treatment of the petrol fraction. 
This produces more toluene than is needed 
and the excess is converted to benzene. From 


2a 


-> 


4 Hydrocarbons from 
petroleum take the 
form of molecules that 
may be linear or long- 
chain (wit 


ring). The sizes and 
shapes of molecules 
determine such prop- 
boiling point 
and octane number 


"backbone (fuel rating). Normal 
atoms, with or without heptane, having a 
abranch) or basically straight chain, boils 
cyclic (with mostof at 98.4"C (209°F), 
the carbon atoms ina whereas iso-octane, 


o 20 40 60 
Octane rating = wiht @ 

5 The octane rating carbons with branch- 

otan engine fuel- ed chains or cyclic 

petrol or gasoline- structures (see ill- 

is a measure of its ustration 4) are bet- 

efficiency for mod- ter than straight- 


ern engines. Hydro- chain compounds. All 


this, nylon, polystyrene, synthetic rubbers, 
resins and detergents are made. Toluene is 
also a base for making solvents and 
polyurethane resins. Higher up the series, 
xylenes are used for conversion to polyester 
fibres and plasticisers. Acetylene, itself a base 
for syntheses, is now often made from pet- 
roleum sources. Another important inor- 
ganic base chemical, after sulphur, is 
ammonia, for which the hydrogen is supplied 
from naphtha or natural gas. 

Kerosene (which was once known as 
paraffin oil) is a petroleum derivative that is 
used for domestic heating, lamps and as a fuel 
or fuel component for jet engines. 

Petroleum provides substantially more 
than 90 per cent of the world’s plastics and 
resins, synthetic rubbers, fibres (excluding 
those made from cellulose) and chemical sol- 
vents, and about 50 per cent of the world’s 
synthetic detergents. Only a little more than a 
generation ago, these came largely from 
vegetable sources, wood and coal. But oil 
supplies are known to be limited and it seems 
possible that this picture will be greatly 
altered in the future. 


2 A fractionating 
column [A] is the 
distillation unit in 
which crude oil is 
Separated into its 
chief components. 


‘The most volatile 
component of all is 
gas, similar in com- 
Position to natural 
gas. The next frac 
include liquid 
id solvents 
such as petrol, ke 
‘osene, benzene and 


vapour accumulates 


at various heights domestic fuel oll 
upthe column. The Lower boiling heavy 
vapourcondensesto olls are used as 


in horizon: 


lubricating oils, 
The solid components 


{B) allows steam and include paraffin wax 
vapour to passupbut (a hydrocarbon known 
prevents any of the io as paraffin) 
condensed liquids d the tarry 
from running down. substance bitumen. 
4 
n-heptane 


with a branched 

chain, boil 99.3'C 
(210°F); iso-octane is 
good fuel but n-hep- 
tane has a low rating. 
Methyl! cyclopentane 


Ki 


An oil refinery takes 
dolivery of crude oil 
(petroleum), often dir- 


ectly from an ocean- 
going tanker, and 
converts it into petrol, 


s Heavy gas oll 300°C 


Light gas olf 200°C 


umy À 


has a five-mem- 
bered carbon ring and 
toluene has a six- Methyt eyclopentane 
membered ring. 
6 A z 
Free electron | 


Peroxide 3 Ò 
radical Monomer radical 
c 
120 is) ‘i O i 90000 7 
eee » on 
are improved by the ý 3 see TTT Tree 
addition of the jae i 1 | 


organo-metallic com- © 
pound tetraethy! lead 

(TEL), although this 

can cause pollution. 


Polythene 


for making chemicals, 


3 Crude oil has a 
variable composition, 


source. This diagram 
shows the make-up 
and boiling points of a 
typical sample. All 

the substances named 
are hydrocarbor 
compounds of hydro: 
gen and carbon — al- 
though other elements 
wulphur are 

ly also present 
as impurities. They 
have to be removed to 
limit pollution caused 
when the fuel 
burned, but once ex- 
tracted constitute 
valuable by-products. 


Toluene 


6 Simple hydrocar- 
bons such as ethyler 
can be made from 
Petroleum product 
They are valuable for 
making plastics such 
as polyethylene (poly- 
thene) and detergents, 
The double bond in 
ethylene [A] can be 
“sprung” and reacted 


an active compound 
[B] that can spring 
other double bonds 
repeatedly and give a 
long-chain polymer — 
a plastic [C]. S 


chain radicals: 
also be reacted with 
acids to form more 

complex molecules 


TT 


Saving fuel and energy 


Historically, the efficiency with which man 
has used his energy resources has been very 
low, The steam engine, one of the founda- 
tions of the Industrial Revolution, turned 
only a few per cent of the energy supplied to it 
into power and the first steam turbine power 
stations wasted the energy of 95 per cent of 
the coal they burned, 

While fuel — that is, energy - was cheap, 
this inefficiency was less important, But since 
the prices of coal and oil have significantly 
increased many nations have made greater 
efforts to conserve energy — particularly fossil 
fuels such as oil [2] and the fuels derived from 
it. But the inertia of the complex system 
devoted to energy and the need to spend 
large amounts of money to make even quite 
small savings have resulted, as yet, in little 
significant achievement, 


‘The uses of energy 
In a modern economy basic fuel expenditure 
is dominated by four major uses: domestic 
space and water heating, industrial and 
commercial uses, transport and electricity 
generation [1], British statistics are fairly typ- 


1 


1 In industrialized 30 per cent is used 
countries most to produce elec- 
energy is used in tricity, 29 per cent 
generating elec- by industry, 17 per 
tricity. Some waste centin the home, 15 
more than others. per cent on transport 
Of about 350 million and 9 per cent on 


tonne equivalents of othe 
coal burned in 
Britain, for example, 


is less wasteful. 


240) 
30 
2 
10 
1900 "1880" 2000” 2080 2100 
2 Oil reserves will insulation and is 
not last for ever. heated by an inef- 
The curves predict ficient open fire 
the use of oil based burning ordinary coal, 
on two estimates of House B has lagged 


total reserves ~2.1 cold-water tanks [1] 
and pipes in its loft, 
rels and 1.35 million the tiles are insu- 


million barrels. Both lated with felt or 


show anincreasein paper [2] and the 
Production untilthe ceiling joists with 
end of the century glass woo! (3). 
with total exhaustion Tiles hung on the 
of reserves by t ‘exterior wall [4] 
year 2100. The areas provide extra insu- 
beneath the curves —_ ation for the bed- 
equal the reserve rooms. The fireplace 
ndthe bar- [5] is blocked and the 
rel quoted is equal room heated elec- 
tothe standard one —_trically or by cen- 
of 159 litres (35gal). tral heating radiators, 
Heat loss from a 
room is reduced by 
draught-exciuding 
strips round the door 
[6] and by double 
through walls, win- glazing [7]. A 
dows and roof spaces. wooden floor [8] to 
The secret of con- the garage insulates 
serving heat is in- it from the found- 
sulation and ef- ations and heat flow 
it (preferably through the cavity 
central) heating. walls is minimized 
House A has no by plastic foam (9). 
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ical. The total amount of primary energy used 
in Britain in 1972 was the equivalent of 332 
million tonnes of coal, or rather more than 
five tonnes of coal for every man, woman and 
child in the country. The corresponding 
figures for other European countries are 3.3 
coal tonne equivalents for France, 4.5 for 
West Germany and 2.3 for Italy. When the 
different sizes of the four countries’ 
economies are taken into account, it shows 
that Britain uses considerably more energy 
than any of the others to produce each 
pound’s worth of industrial output — more 
than twice as much as the equivalent 
expenditure by France, for example. 


Improvement of efficiency 

The most convenient form of energy, elec- 
tricity, is also one of the most inefficient 
Steam turbine efficiencies have risen from 
five per cent early in this century to about 35 
per cent in the mid 1970s for the biggest 
power stations, but this still means that 65 per 
cent (nearly two-thirds) of the coal or oil 
burned in power stations is wasted, The 
generating efficiency of the British electricity 


network, including losses in transmission, is 
only 27 per cent. A further small loss takes 
place when electricity is converted into heat, 
Producing an overall efficiency for electric 
heating of 22 per cent. This compares with a 
heating efficiency for natural gas or oil of 
more than 60 per cent. Electricity, however, 
can do things that gas and oil cannot: it can 
drive a whole variety of household machines, 
power record players and television sets and 
Provide instant, clean and effective lighting. 
Various attempts have been made to 
improve the overall efficiency of electricity 
generation. One possibility is district heating 
in which the “waste” heat from power sta- 
tions is used directly to heat houses or fac- 
tories, In ideal circumstances overall efficien- 
cies of up to 75 per cent can then be achieved, 
but this theoretical calculation demands that 
heat and electricity need keep in step. More 
Practical efficiency figures for district heating 
are around 45 per cent. Sweden has 
pioneered the use of combined electricity and 
heat production. The town of Vasteras, 
which has a population of about 100,000, is 
supplied with 600 megawatts of heat and 300 
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See aiso 
Power direct from 
the sun ana earth 
Nuclear powe 
Coal: production 
and uses 

Oil and natural gas 


megawatts of electricity, produced from a 
single power station. 

The electricity and transport industries 
are well aware of the cost of energy and 
generally make all the economies they can 
But a large amount of primary energy - 17 
per cent — is used in the home. 


Conservation and pollution 
Conservation of energy can be achieved in a 
variety of ways. In the home, draught- 


proofing, double-glazing, loft insulation and 
the filling of cavity walls with insulating foam 
can reduce energy consumption by half [3]. A 
widespread shift from inefficient private cars 
to public transport - with one engine trans- 
porting up to 40 people instead of only three 
or four — would also achieve savings. Tech- 
nical improvements in all energy uses, but 
particularly in industry through the expan- 
sion of waste recycling programmes, could 
help further. There is no single recipe, how- 
ever, to bring these changes about either in 
the short or long term 

Energy consumption and electricity 
Reneration can also create pollution and in 


4 The consumption 
of natural gas, at 
present supplying 
about a 20% of the 
world’s energy, has 
risen by 3.5 times 

in the last 10 years, 
The known world re- 
serves (about 75 
million million cubic 


metres (2,640 million 
million cu ft}) will last 
about 20 years at 
Even if 


discovered natural 
gas will run out a 
fuel supply in 
about 50 years. The 
curves compare the 


4 A USA energy consumption 
(in million milion 
kilowatt hours) 


@ woes 


1850 1900 


B World natural gas consumption 
in thousand million m?) 


19 1980 
6 Apetrobdriven car exhaust, air (4) 

is inefficient and water [5], nitrogen 
produces a wide oxides [6], carbon [7], 
range of pollutants. carbon dioxide |8] 
Runningacaronthe carbon monoxide [9], 
more efficient hydro- lead compounds (10). 
genasafuelwould sulphur dioxide 
almost totally elim- [11], hydrocarbons 
inate pollution, A [12] and aldehydes 
petrol car uses a [13]. The hydrogen 
(1 and petro! [2] tar uses air [1] and 
and releases, in its hydrogen [3] and pro- 


2000 


some cases the need to reduce consumption 
may conflict directly with the need to reduce 
pollution, This is certainly true of the motor 
car. For reasons of health it would be desir- 
able to reduce the amount of lead compounds 
added to petrol [6], and by doing so the lead 
pollution of the environment would be low- 
ered. But leaded petrol is more efficient in 
modern high-performance engines and 
leaving out the lead would result in greater 
fuel consumption 

In the same way urban pollution has been 
reduced by the growth of electric 
consumption — but at a cost, The fuel used in 
power stations to raise steam for turbine 
generators might instead be burned in houses 
to heat them. The fuel would be more effi- 
ciently used, but at a considerable cost in 
pollution and convenience. And power sta- 
tions are generally built away from densely 
populated areas so that the pollution they 
produce can be dispersed from high chim- 
neys, thus avoiding the build-up of dangerous 
concentrations of gases and carbon dioxide in 
the atmosphere. Corrosive sulphur com- 
pounds can be “scrubbed” from the gases 


consumption of var: 
ious forms of energy 
in the USA [A] with 
total world usage of 
natural gas [B]. A sig 
nificant factor, in 
the USA and else- 
where in the world, 
is the return to 

coal as a fuel, 


5 The impending 
‘energy crisis is barely 
in evidence in a large 
city, such as Hong 
Kong, when lit 

for the night. 
Thousands of kilo- 
watts of electrical 
power are consumed 
by advertising signs 
and shop window dis 
plays. During the 
night this electri 

city could be "saved" 
in an energy-storage 
system. It could 

then be made avai 
able to help me 
peak demand that 
always occurs 
inthe morning, 


the 


duces in its exhaust 
only air [4], water 
15) and nitrogen 
oxides [6]. Exper- 
imental hydrogen. 
fuelled cars have 
been built, using 
either bottled hydro- 
gen or a metallic 
hydride that decom: 
poses to produce hy- 
drogen when heated 


Natural gas is the 
most efficient fuel 
for heating, The dia- 
ram compares the 
amount of energy pro: 
duced by burning 1kg 
(2.21b) of coal [A], 
wood [B], coal gas [C], 


anthracite (the best 
coal) [D], petro! [E] and 
natural gas [F] 

Each bar ropros- 

ents the number of 
litres of water that 

can be boiled using 
heat from each fuel 


Anthracite is as good 
as coal gas, and both 
are better than coal. 
The production 

of electricity by 
each one follows 
the same order 

of efficiency. 
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Electricity generation and distribution 


The electricity that supplies an enormous 
variety of needs in homes, offices and fac 
tories all originates in power stations, These 
vast buildings contain generators, machines 
to drive them, transformers [Key] and 
switching systems. They convert the chemical 
energy of coal, oil, natural gas or nuclear 
energy into thermal energy and then into 
ctricily on a large scale to get the best use 
of the plant, site and engineering needed. 
Nevertheless, the generation of electrical 
power is an inefficient process, although it 
compares well with other forms of energy 
use. In power stations burning fossil fuels 
(coal or oil) nearly two-thirds of the thermal 
energy released is lost as heat to the atmos- 
phere or surrounding area and only a little 
more than a third is actually used to produce 


electricity. There are additional losses as the 
current is transmitted over the distribution 
network [3]. When a consumer uses this elec 
trical power he probably turns it back into 


incidentally 
mpertect as the 
system is. it is still the best one available for 
supplying the power for thousands of dif 


heat, either intentionally or 
during some other process 


1 A thermal station 
uses s 
its generators. Until 
about the mid 19505 
the steam was 
obtained by burning 
oil, coal or lignite 
More recently, nu 
clear reactors have 
been used a 
sources. Stoam is 
Passed at high py 
ure through turbin 
which are on the 
shatt os the gener 
ators, These large 


1 


m to drive 


machines generate 
electricity as they ro. 
tote Because alec 

tricity consumption 
vanes from hour to 
hour, steam supply to 
the generators must 
follow the load ce 
ption Rapid 
amgenerating 
acity is needed 10 
Meet peak demands 
and forecasts of 
Supply needs must be 
made on the ba 
Previous experience 


sof 
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ferent uses in homes and factories. At the 
point of consumption it is clean, convenient 
and safer than almost any other form of 
energy supply so far discovered 


Alternative forms of generation 

There are some important exceptions to the 
inefficient consumption of fuel in the gener 
ation of electricity. When power is derived 
from machines driven by water released from 
behind a dam, or from tidal motion [6]. for 
instance, there are no “fuel Less 
common are a few systems that use solar 
energy [2] or wind power [4]. The capital 
costs of setting up dams and barrages for 
hydroelectric schemes or manufacturing cells 
that convert sunlight into electricity are very 
high. But the rapid depletion of fossil fuel 
resources and the increasing pollution from 
thermal power stations are factors that may 
in time override purely economie considera 


tiom Where political pressures make access 
10 fosil fuel reserves difficult, the economic 
case for developing systems that exploit other 
forms of energy may become even stronger 


For this reason nuclear power stations are 


electricity from the 
power station to the 
consumer is by a net 
work of overhead 
lines or underground 
cables of varying 
voltages, Because 
more energy is lost 

at low voltages the 
Voltage must be kept 
as high as possible 
while still ensuring 
safety. In a typical 
network underground 
bles [1 and 3] use 
oil, plastic an 
ilar materials for 
Insulation whereas 
overhead conductors 
|2| are uncovered, as 
the air acts as the 
Insulator. A fabric 
tape cable |4] takes 
power to a local sub: 
Station, Then it goes 
to consumers via 
lead or aluminium 
sheathed cable |5] 
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being used to generate an increasingly large 
Proportion of power in the industrialized pes net 
nations. Their overall efficiency is no greater Power nator 
than that of thermal stations [1] but their 
long-term fuel costs are so small that nuclear 
stations are economical to operate 

Whether the source of power is oil, coal. 
nuclear, wind or moving water, electricity is 
produced by the same kind of machines- tur 
bines generators. In themselves, 
generators are highly efficient, converting 
mechanical to electrical energy with losses no 
greater than about two per cent 


See siso 


and 


The supply system 
Most power stations have more than one 
generator to allow for some degree of 
reliability in case one machine breaks down 
Many stations have four, and at periods of 
peak demand all of them may be working at 
maximum output, As demand slackens each 
may be brought out of circuitin turn and shut 
down although some may be left partly 
loaded. If there is a sudden demand for 
power these machines can be brought quickly 
up to running speed and into use 


2 A solar panel in 2 
Semi-stationary orbit 

is one system pro 

posed for deriving 
energy from the sun 

Clear of the earth's 
atmosphere, the 

Solar cells would be 

in the direct rays 

of the sun, unhin. 

dered by dust, water 
Vapour and atmos 

phere. The electri 

(in the form of 

t current) g 
erated in the panel 
would be transmitted 
along a short conduc 
tor |1] toa device 
for converting the 
current into micro 
waves |2]. After 

a small loss of 
energy inthe atmos 
phere [3] the micro 
waves would reach 
large collecting 
panels [4] and be 
Passed to a station 
15] for conversion 
from direct to 
alternating current 


4 Wind power was 
widely used in Europe 
until the advent of 
cheap fuels. Wind 
mills need large 
blades and steady 
winds, but linked to 
storage batteries 
they can often pro. 
vide cheap power 


From the generators big, solid conductors 
in the form of metal bars (ca 


led busbars) 
connect to transformers, where the voltage is 
increased for transmission. Conductors slung 
between pylons spread out from the station in 
I directions. Where necessary or desirable 
e voltage is lowered by other transformers 
to a level safe for distribution to consum 
Some of this distribution may take place 
underground and may eventually terminate 
at a sub-station where the supply cable is split 
into a number of feeders, again after approp 


riate voltage reduction. From there itis taken 


overhead or underground into industrial o 
residential areas where further 
reduction takes place before it is fed into 


voltage 


Overhead lines may 
e in sub-stations, thus 
avoiding an underground section, but almost 
all consumers in towns and cities are supplied 
by unde 

Typical voltages at the three chief stages 
are 33,000 volts (33kV), 1 1kV and 415 volts 
(or 240 volts single phase). The high-voltage 


homes and factories, 


themselves. termina 


round cables. 


alternating current (AC) in the distribution 
system is 


normally three-phase 


generally 


transmitted along four wires 
conductors and a neutral, or common, con- 
ductor. For domestic use at low voltage, the 
power is supplied as single-phase AC with 
live" and neutral), 

At various points along the line between 
the power station and the user there are 
switches, citcuit-breakers and similar devices 
to protect lines and equipment in case of 
overload or disruption by lightning 


three phase 


two wires ( 


Network links, national and international 
The output from each station is linked to th 
from others by conductors called 


interties’ 
running between convenient points, gene: 
ally on pylons, All the stations in one country 
are thus electrically connected [5]. This ena: 
shut down for 
llows the most 
efficient stations to run continuously, sup- 
plying what is termed The net 
works of many European countries are also 
linked together (England's connection to 
France is by a cable under the English 
Channel). This enables some countries to sell 
or lend power to others, 


bles some stations to be 


maintenance or repair and 


base load’ 


5 Control of electri: 
city distribution in 
England is directed 
from a room in Lon: 
don. The country is 
divided into a num 
ber of regions, 
cated by various 
colours on the map. 
Each of these has 
responsibility for 
generating and trans 
mitting power and 
all come under the 
authority of the 
national control 
centre, Because the 
regions are conn 


from one 
particularly if there 
are breakdowns of 
some generators. 
Regions with more 
costly fuel supplies 
di prefer to import 
some power. Nuclear 
stations are the 
cheapest to run and 
attempts are made to 
operate them 24 hours 
adding other 
sources to supplement 
them when necessary 
At the central con 
trol room engineers 
od must assess the most 
through the network, economic way of 
it is sometimes con. sing regional 
venient to send power resources, bearing in 


10 another 


Sea at high tide 


A transformer (shown 
here is the coro) 
s used to connect 


mind such factors as 
weather, fuel costs, 
plant efficiency and 
cable capacity, They 
are in constant touch 
with regional head 
quarters and can use 
computer information. 
The wall map is only 

a general guide. 
Acomputer-controlled 
display on the 
engineer's desk shows 
in more detail the 
position of all the 
transmission 


the state of the equip: 

ment and the current 

carrying capacity 

on any part of the 
jonal network 


generatorsto an 
electricity grid. The 
transtormer’s function 


6 Power from ocean 
tides is being har 
nessed by a pioneer 
ing station at La 
Rance in France 
The experience 
gained here may be 
Used throughout the 
world. Special tur 
bines have been de- 
veloped that can be 
driven by water flow 
ing in either of two 
directions. This en- 
ables them to function 
when the tide is 
either ebbing or 
flowing. When the 
tide comes in, water 
is directed through 
large tunnels 


tide. s 


is to raise the volt 
age from perhaps 
23KV to about 400kV. 


housing the turbines, 
causing them to 
rotate, When the 
tide starts to ebb, 
the water is held be 
hind a dam until the 
tide is on the turn 
and is then released 
again, driving the 
turbines. These 
machines also act 
as pumps so that 
when the demand 
for electricity is 

low they ca 
increase the amount 
of stored water 
over and above that 
gained naturally, 
allowing extra 
power to be gi 

by the station 
when the demand 
increases, The Rance 
scheme has 24 gener 
ating bulbs lying in 
horizontal tunnels. 


rated 


At high tide, 
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Levers and wedges 


Today man is surrounded by a vast range of 
machines from clocks, washing machines and 
other domestic appliances to computers, 
hovercraft and space rockets. All machines 
are in some sense “labour-saving” devices; 
and for once the popular definition matches 
the scientific one. To a scientist a machine is 
any device that provides a mechanical advan- 
tage — that is, allows a limited amount of 
effort to do useful work in lifting or moving a 
load. The mechanical advantage of amachine 
is the load divided by the effort. In this sense, 
the simplest machines are levers, wedges and 
screws — used in their thousands in many 
complex machines 


Magnifying an effort 

Levers have hundreds of uses - a crowbar, an 
oar, a screwdriver, scissors, a see-saw and a 
wheelbarrow all make use of the various 
classes of levers [1]. Their effect is to “mag- 
nify" an effort to make it easier to move a 
load. Each makes use of a pivot, called a ful- 
crum, and the sizes of the load and effort and 
their distances from the fulcrum determine 
the lever's mechanical advantage 


1 Allllevers belong to 1 
one of three classe: 
depending on the 
relationship between 
the effort E, load 
Land fulcrum F 


[A] the fulcrum is 
between the load and 
the effort. In the 
Second class of 
levers [B] an upward 
effort raises a load 
placed betwoen of- 
fort and fulcrum. 

A wheelbarrow uses 
this principle, In 

the third cl 
the effort 


tween the fulcrum 
and the load, Many 
hydraulically oper- 


and some complex 
machines ~ such 
printing presses — 
have all the classes 
of levers somewhere 
in their mechanism, 
as have the limbs 

of the human body, 


‘ 
Escapement mechanism 


Type bar 
Characters, 


3 Atypewriter’skeys space bar releases an 
are operated through escapement mechan- 
series of linkages ism to advance the 


icting as levers. As 
key is tapped, the 


carriage without a 
character being typed. 
The levers controlled 


by the shift key 
acter print on paper raise the whole lever 
wrapped roundthe system so that, on 
platen. Pressingthe tapping a type key, 
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How can a four-year-old child lift a man 
weighing 75kg (1651b)? One simple way isto 
sit them both on a see-saw. If the man sits 
fairly close to the pivot, the weight of the 
child at the far end of the other side will be 
sufficient to lift him. The child will move 
down farther than the man moves up, but this 
lack of movement is the price that has to be 
paid for a small effort to lift a large load, The 
load must move, however, and it is no wonder 
that the Greek mathematician Archimedes 
(c. 287-212 BC) is reported to have said 
“Give me a firm place on which to stand and I 
will move the earth”. 

A stationary see-saw — and any lever in 
which the load and effort balance each other 
~ is said to be in equilibrium. In such cases, 
the load multiplied by its horizontal distance 
to the fulcrum equals the effort times its hori- 
zontal distance to the fulcrum. If the child on 
the see-saw in the above example weighs 
12.5kg (271b) and sits 3m (10ft) from the 
Pivot, he would exactly balance the 75kg 
(165Ib) man sitting 0.5m (18in) from the 
Pivot on the other arm of the see-saw 
(12.5x3 = 75x0.5 = 37.5). 


2 Tall structures 
such as street lamps 
can be reached for 
cleaning and main- 
tenance using 


hydraulically oper- 
E ated levers, often 
mounted on a lorry. 
Similar vehich 


vantage point for 
hoses or for rescuing 
E people trapped in 
tall buildings. Hy- 
draulic linkages can 
work such hinged 
joints in much the 
‘same Way as muscles 


examples of the third 
class of levers. 
Because the effort 

is applied so close 

to the fulcrum (pivot), 
a large effort 

is required to move 
the load at the end 
of its long arm. 

This is why engine- 
powered hydraulics 
have to be used. 


4 A disc cam [A] can 
be regarded as a 

of Variable 
length that changes 
rotary motion into an 
up-and-down or side- 
to-side reciprocating 
motion. Disc cams are 
commonly used to op- 
erate the valves in a 


the lower character 

on the type bar makes 
contact with the 
typewriter ribbon 

and prints on the 


iage sideways 
and work the 
tabulator controls. 
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The mechanical advantage (the load, CONNECTIONS 
divided by the effort) is 75 divided by 12.5, 
equal to 6 in this example. It can also be 


calculated by dividing the effort’s distance to 


See siso 
Plays and gears 
Machines for iting 


Machine tor 
the fulcrum by the load’s distance; in this ishing nd 
case, 3 divided by 0.5, again equal to 6. Pill 

The load multiplied by the distance is macnnes 


called the moment of the load (which is a 
force). At equilibrium, the moment on the 
load side equals that on the effort side. If one 
moment is larger than the other, there is a 
turning force and that side of the see-saw will 
move downwards. 


Using ramps and wedges 
When the ancient Egyptians were making the 
pyramids or Bronze Age men were building 


car engine. The rotary 
motion of a slot cam 
[B] drives a vertical 
arm up or down - or 


twisting move- 
ment can produce lin- 
motion to work 

‘the bolt on a lock. 
5 A screw can be pic- rotating the screw, 
tured in inclined often to exert con- 
plane wrapped round siderable force. The 
a cylinder. The mech- distance between the 
anical advantageof threads is called the 
an inclined plane ~ pitch of the screw 
itis easier to push and is the distance 
aloaduparampthan the screw advances 


to lift it vertically 
-can be realized by 


every time it makes 
one revolution, 


requires an effort of 10 tonnes. But, neg- 
lecting friction, the effort needed to push or 
drag it upa slope of 1 in 20 is only about half a 
tonne. To raise it one metre the load must be 
moved about 20 metres so that, as with 
levers, a large movement of the effort is 
needed for a small load movement to gain 
significant mechanical advantage, The ratio 
of the ramp’s height to the length of the slope 
determines how much effort is saved. 
Modern technology can achieve some space 
saving with long ramps by coiling them [8] 

Lifting a heavy block slightly (perhaps to 
pass a rope round it) can be achieved by 
driving a wedge underneath it. A wedge is 
like two inclined planes back to back. But 
instead of moving a load up the plane, the 
plane is pushed past the load to move it 
Driving a wedge into a crack, for example. 
exerts a tremendous force [Key]. A hatchet 
or an axe uses this principle, as do chisels. 
ploughs and pneumatic drills. 


Screws - wound-up wedges 
A screw thread can be pictured as an inclined 
plane wrapped round a cylinder [5]. This 


shape is called a helix and its geometry was 
studied in about 200 BC by the Greek 
mathematician Apollonius of Perga (3rd cen- 
tury BC). Archimedes invented screw- 
cutting machinery and used the screw as the 
key principle in his famous “screw” pump for 
raising water. 

Just as a wedge can be driven into an 
object by hammering, the helical wedge of a 
screw can be driven in by turning. The 
turning movement requires leverage - a 
screwdriver or spanner — and the simple- 
looking screw is in use, a “machine” that 
combines the lever and the wedge 

The distance between a screw’s threads is 
called the pitch and is a measure of the slope 
of the corresponding inclined plane. In one 
complete turn a screw moves through a dis- 
tance equal to its pitch, The length of the 
lever turning the screw, divided by the pitch 
gives its mechanical advantage. The wedge 
shaped section of a tapering wood screw 
reveals another application of the wedge as it 
forces its way into the timber. Self-tapping 
screws cut a helical thread as they wind their 
way into metal 


6 Screw threads on 
bolts generally con: 
form to a few major 
types and there is 

a set of specialized 
terms to describe 
thom. Engineors use 
this “thread termin- 
ology’ to define 
kinds and parts of 
screws [A], including 
the two major dia 
meters, the root dia- 
meter [1] and the pitch 
diameter [2], the 
thickness of the 
thread [3], the 

crest [4] and root 

[5]. The pitch (6) is 
the spacing between 
threads, but the prop- 


orties of the screw 
depend also on the 
thread angle [7] and 
the helix angle [8] 
The two main kinds 
of screw are round- 
sectioned [B] 

and square-sectioned 
[C]. In a single 

start thread [D] 

the lead [9] and the 
pitch are the same. 
After one revolution 
1E] a nut moves along 
a distance equal to 
the pitch, In a 
double-start thread 
IF] the lead [10] is 
twice the pitch, and a 
nut moves through 
twice the pitch [G] 


A wedge driven into 
a crack in a log or 
a block of stone can 


7 


8 An inclined plane 
is a practical sol- 
ution to the problem 
of moving a heavy 
load up or down 
through a significant 
height. In a multi- 
storey car park the 
vehicles have to 
descend to street 
level from a great 
height. A long ramp 
~an inclined plane - 
would provide such a 
facility but it 

would take up a lot 
of room. Winding the 
ramp round and 
round, like the exit 
from this car park 
saves space, The 
geometry of the ramp 
is like a screw thread, 


split it apart. In this 
quarry in Malta, sand: 
stone Is partially sawn 


into blocks, then 
wedges are used to 
split the blocks apart. 


7 A screw with a fine 
thread can control 
precise movements — 
the distance it moves 
is equal to the fineness 
of the pitch, A micro- 
meter, for example 
makes use of a fine 
screw thread to 
measure small dimen 
sions with a high 
degree of accuracy 
But in other appli 
cations a coarse pitch 
ensures a positive 
action. In this gate 
valve, turning the 
wheeled handle opens 
it quickly. It normally 
operates either fully 
open or fully closed 


9 Lovers of the first 
class — liko a soo- 

saw — can be paired, 
as in scissors or 
pliers. The same idea 
can be extended to 
form a “set of scis- 
sors”, as in lazy 
tongs. The principle 
can, with modern 
hydraulics, make a 
powerful machine for 
raising or lowering 
loads, such as cargo 
and luggage at an 
port. The same sci 
sors principle is used 
for some car jacks, 
which have a screw 
thread for pushing the 
lower arms together. 
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Pulleys and gears 


Pulleys and gears are wheels arranged to 
transmit motion and are among the earliest 
machines invented by man. A gearingsystem 
of wooden pins was used to drive the 
mechanisms in medieval flour mills, wind- 
mills and mines. Pulleys were probably 
known by the ninth century BC and 
Archimedes demonstrated the efficiency of a 
compound pulley [Key] 


Pulley action and design 

In a pulley the wheel is used in conjunction 
with either a rope, chain or belt, On a gear the 
rim of the wheel is cut with teeth or a worm 
thread to mesh with similar projections from 
another gear. Both pulleys and gears can be 
used to transmit rotary motion between two 
or more shafts. If the shafts are close 
together, as in a clock or a car engine, then 
gears are generally employed. If the shafts 
are farther apart, pulleys are more often 
used. Gear-wheels can also be used to change 
the direction of rotation by as much as 90 
degrees. Wheels of various diameters — with 
both pulleys and gears — produce a change in 
the speed of rotation. 


1 Mechanical advan- 
tage is the ratio of 
force exerted by a 
machine to the force 
exerted on it. In 

this wheel-and-axle 
pulley the radius of 
the wheel is throe 
times that of the 
axle. Theoretically, 
then, the mechanical 
advantage is three, 
that is, a downwards 
force on the rope 
should result in an 
upwards force on the 
weight throe times 
greater. In practice, 
however, friction 
always lowers mech: 
anical advantage. 


4 Pulley hoists are 
sometimes used in 
the motor car indus: 
try to lift bulky or 


heavy components. 
Hoists are usually 

Suspended from mo: 
bile overhead cranes 
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Belt-driven pulleys are common driving 
arrangements for factory and agricultural 
machines. A circular (endless) belt transmits 
motion between one pulley on the shaft of a 
motor and another on a machine shaft, for 
example that of a lathe. By giving the pulley 
on the motor or driving shaft a different 
diameter from the pulley on the machine or 
driven shaft, the speed of rotation of the 
driven shaft can be varied, Several pulleys of 
different sizes are often fitted together on the 
driving shaft to provide a range of speeds for 
the driven shaft. This is known as a stepped 
pulley system. The rim of a pulley may be 
broad and flat to take a wide belt. Alterna- 
tively, the rim face may be grooved to 
accommodate narrower belts that are V- 
shaped or circular in cross-section, which 
Prevents them slipping from the pulley 

Cranes and hoists are the other common 
applications of pulleys. Here the motion is 
usually transmitted to provide a mechanical 
advantage, The force or effort employed by 
the person hoisting is magnified by an 
arrangement of two or more pulleys so that 
heavier weights can be lifted than would 


2A simple arrangs 
ment of two pulleys 
has one fixed pulley 
1]; the other [2], 
to which a weight [3] 
is attached, is free 
to move. If someone 

4 hauls onthe free 

f end of the rope the 
movable pulley and 
weight are pulled 
upwards by twice the 

+ hauling force (less 
the frictional re- 
sistance) because 
they are held by two 
lengths of the rope. 
But the weight is 
raised through only 
half the distance 
hauled on the rope. 


5 A 


or gantries, allow. 
ing the transfer 
of parts from one 
place to another 


otherwise be possible. Hoists with two or 
more pulleys are widely used in industry for 
lifting components or packages and transfer- 
ring them from one place to another [4] 


How gear-wheels work 
Most gear-wheels have teeth with slightly 
curved surfaces. These are the surfaces that 
come into contact with those of another gear 
The action of one gear tooth on another 
generally results in a combined rolling and 
slipping motion of the curved faces, so that 
friction and the risk of jamming are very 
much lower than they would be if the contact 
faces were flat. Even so, a gear-wheel must be 
made so that its teeth fit more or less loosely 
into the spaces between the teeth of its 
mating gear. The looseness is called backlash, 
Pairs of gear-wheels are generally chosen 
to change the speed, and often also the direc- 
tion, of rotational movement [5]. If one gear 
is much larger than the other they are known 
as the gear (large) and pinion (small). When 
the gear drives the pinion an increase of rota- 
tional speed is obtained and vice versa, The 
amount of change of speed is directly propor- 


2 3 This factory hoist 


is hooked to a 
support [1] and has 
two fixed pulleys of 
different sizes [2] 
together with a 
movable pulley |4) 
to which a load [5] 

is attached. An 
endless chain [3] 
passes around the 
whole system of 
pulleys. A pull on 
one side of the 
chain loop extending 
over the larger 

fixed pulley exerts 

a much greater force 
to lift the load. A 
pull on the other 
side lowers the load. 
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5 In gears the mech, 
anical advantage is 
related to the 
number of teeth, 
The teeth of spur 
gears [A] are cut 
parallel to the 

axis of rotation, 
while those of hel 
ical gears [B] are 
“twisted” to form part 
of a helix and often 
cut double to avoid 
thrusts that result 
in wear. The teeth 
of bevel gears [D] 
are longer than 
those of spur gears, 
giving a greater 
area of contact 
that permits the 
transmission of 
much greater 
thrusts. This advan- 
tage applies more 
Particularly to bev- 
el gears with spiral 
teeth [C]. In a worm 
gear [E] the worm 
has a single spiral 
thread and turns a 
spirally toothed 
gear at right-angles 
to its own axis. 


tional to the numbers of teeth on the gear 
wheels, A gear of 100 teeth driving a pinion 
of 20 teeth, for example. increases the speed 
of rotation five times; the same 20-tooth 
pinion driving a gear of 40) teeth halves the 
speed of rotation 

Motion from a smaller driving gear to a 
larger driven gear, apart from reducing 
speed. obviously confers a mechanical 
advantage. Such an advantage was obtained 
in the old-fashioned clothes mangle: a small 
effort in turning the handle was sufficient to 
turn the rollers against considerable resis 
tance from the squeezed clothing 

When shafts to be rotated by geur-wheels 


are not immediately adjacent one or more 
idler gears may be placed between the driving 
and driven gears to couple them together 
Idlers have the same number of teeth as 
either the driving or the driven gears and so 
cause no change in the speed of rotation 


Changing the direction of motion 

Rack and pinion gears convert rotary motion 
into linear motion. The pinion is an ordinary 
circular gear-wheel that meshes with the rack 


9 Agearbox permits 9 
a vehicle to move at 
different speeds 
while the engine rev. 
olutions remain more 
or less steady, This 

is done by altering 
the ratio of input 

to output gears, More 
power is provided by 
a high ratio (low 
gears) allowing the 
vehicle to climb hills 
easily. All gear 
wheels except those 
needed tor reverse 
are always in mesh 
When a gear-wheel is 
engaged it is locked 
(manually, in this 
gear box) on tothe 
Output shaft, so 
transmitting power 


Which is a “gear” with its teeth set in a row 
This kind of gear system is used, for example, 
in the focusing mechanism of a microscope or 
old camera, in which the focusing adjustment 
turns pinions that move the lens. Cars with 
rack-and-pinion steering convert the rotary 
movement of the steering wheel into side 
ways movement to steer the wheels, 

The teeth of gear-wheels may be set 
parallel to the gear axis, as already described, 
or spirally as in helical and worm gears [5]. A 
worm gear is used to drive a shaft at right 
angles to its own. Bevel gears [5.7] also 
transmit motion through an angle and can 
have parallel or spiral teeth. A gear system 
with a central “sun” gear meshing with 
several “planetary” gears is often fitted to 
bicycle hubs [8]. This is one example of at 
gearbox, which consists of a number of inter 
meshing gears together with a device for 
selecting gear combinations, or ratios. 
Another example is the gearbox of a motor 
car. Early models had gear systems almost as 
simple as those of bicycles [9]. Those of 
today. however, are much more complicated 
and often have automatic gear selection 


6 Joseph Whitworth’s 
gear-cutting machine 
of 1835 contains a 
belt and pulley [1] 
driving a worm gear 
[2] which, by engaging 
a cogwhee! [3), turns 
the gear that is 

being machined |4] 
The same drive shatt 
turns a cogwhee! 
meshed with a second 
cog and a large wheel 
that turns the mill 

ing cutter |5]. The 
cutter is mounted in 

a block that is 
lowered by means of 
the screw and coun 
terweight until the 
gear is fully cut 
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The block in a 
simple pulley |8} 
comprises a wheel 
of sheave that 

runs inside a hous: 
ing, the whole block 
„being hung from a systems of two or 
hook The wheel is more pulleys can 
grooved toaccommo: give a consider 

date a rope, belt or able mechanical 
chain. A single, advantage, as shown 
fixed pulley of this by the compound pul 
kind confers no ley [A] said to have 
mechanical advan. been used by Archi 
tage for lifting a medes to move a 
load, although a ship single-handed 


person hauling up 
a load is able to 
add his own weight 
to the pulling 
force exerted by 
his arms. However 


7 The ditterential of 
a motor car trans- 
mits the rotary move 
ment produced by the 
engine through right 
angles to the half 
shatts [6] driving 
the wheels. The 
pinion [2] of the 
propeller shatt 11] 
rotates the crown 
whee! 13] turning the 
pinion [4] of the 
bevel gears 15). The 
differential gears 

let the wheels turn 
at different speeds 
when the car turns a 
corner and the oute 
whee! rotates taster 
than the inner one 


gearbox has a cen 
tral sun gear |a] 
surrounded by planet 
gears [3], a typical 
arrangement that is 
known as epicyclic 
gearing The thrust 
given by the rider 

is transmitted to 

the hub through a 
chain and sprocket 

[2] connected to 

the hub by a cable: 
operated clutch [1] 
The illustration 

shows the medium 
direct drive) gear 
selected. The compon: 
ents of the chain 
drive are also shown 


1 First ge R Rovorse gear 
2 Second gear F Input shaft 
3 Third goar L Output shat 
4 Founn gear F Idler whee! 
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Machines for weighing and measuring 


Methods of measuring mass, time and dis- 
tance are among the oldest skills of man. But 
instruments to gauge temperature, pressure, 
position and speed have been developed only 
over the past four centuries. Modern life 
requires even more complex measurements 
and depends on the accuracy and consistency 
of a whole range of machines for the func- 
tioning of industry, transport, medical care 
and meteorology. At one end of the scale are 
everyday instruments such as the micrometer 
[Key] which in engineering can measure 
diameters and thicknesses to an accuracy of 
0.000254mm (0.0001in). At the other 
extreme are specialized machines that set 
absolute standards ~ atomic clocks, for 
example, are synchronized to keep time with 
the vibrations of caesium atoms pulsing 
exactly 9,192,631,770 times a second, 


Weight, time and temperature 

The modern chemical balance [5] is based on 
one of the oldest principles of all — the idea 
that the unknown weight of a given mass can 
be found by balancing it against a known 
weight. By suspending two pans on cords 


from a beam the Egyptians used balances to 
weigh grain and gold against stone weights at 
least 7,000 years ago. By 1350 BC they were 
able to achieve an accuracy of 99 per cent. 
The Romans added an important refinement 
when they fixed a triangular section to the 
underside of the beam, thus making balances 
more sensitive to lighter weights. 

Measurement of time with sundials, hour- 
glasses and clocks is also ancient. The 
Chinese developed a water clock, or clep- 
sydra, as early as 1000 BC. By the fourteenth 
century there were mechanical clocks moved 
by weights with a system of gears connecting 
these to an escapement wheel — a device to 
release the energy to the hour hand. Galileo 
(1564-1642) is credited with introducing a 
Pendulum [2] to control the escapement, 
achieving a regularity that led to the develop- 
ment of the accurate timepieces of today 

In 1593 Galileo also played an important 
part in the development of the thermometer 
with his gas thermometer (air trapped below 
water). A more accurate alcohol ther- 
mometer was invented in 1641, and in 1714 
Gabriel Fahrenheit (1686-1 736) developed 


1 The sextant is 
still the basic too! 
of navigation and is 
extremely simple to 
operat held 
50 that the horizon 
is visibl 


moved so that an 
image of the sun 
reflected from this 
mirror, and from 
another half-sil- 
vered mirror [5], 

is aligned with the 
horizon. On a vernier 
scale [6] - a scale 


angular distance be- 
twee 


tensity of the sun's 
image. The sextant is 


— angles in astronomy, 


3 he 3 
vital contribution 
made to the science 
of measurement by 
the gyro, The instru- 
ment depends on a 
rapidly spinning 
wheel with a heavy 
rim which 
suspended with a 
minimum of friction 
in a system of gim- 
bal rings that allow 
itto rotate on 

its axis in any 

plane. if momentum 
is maintained at a 
given speed (by an 
electric motor for 
instance), the axis 

of the wheel main- 
tains the position 
ittook up when 

first spun. As the 
earth revolves, the 
axis continues to 
point to a particular 
position in space 
although the gimbals 
change their angie 
relative to it. Early 
applications were 
gun-sighting at sea 
and torpedo steering. 
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Gimbal rings Revolving wheel 


2 As a device to reg- 


the mercury thermometer and the tempera- CONNECTIONS 


ture scale named after him. Thirty years later 
the Swede Anders Celsius (1701-44) con- 
structed the centigrade thermometer, so 
called because on its scale the boiling-point 
of water is 100', its freezing-point 0° 

The clinical thermometer [8] is designed 
to measure human body temperature accu- 
rately over the range 35° to 45°C (95" to 
113°F). Many industrial processes require 
‘measurements of temperatures that are much 
higher or lower than body heat [9]. For high 
temperatures, an optical pyrometer is used to 
compare the colour of a hot object with an 
electrically heated wire filament, 


Establishing position 

Successful navigation, at sea or in the air, 
depends on the ability to fix a Position in rela- 
tion to some known point. Instruments to 
measure the angle of the sun, moon and stars 
above the horizon have been gradually 
refined since the invention of the astrolabe, 
from possibly the third century BC. The posi- 
tions of celestial bodies could be measured 
but it was difficult to use accurately on the 


See aiso 


achive for 


lifted a constraining 


ulate speed a pen: pallet [2] and pushed 


dulum operates on escapement wheel ti lowing 
the simple principle of aclock. Hiswheel the wheel to rotate 
that the long [1] had 12 projecting but only until, 
pendulum th pins lined up with the reversal of the 
its period- thetime notches round the pendulum swing 
taken for one com- circumference. As [B], it was once 
the pendulum swung again constrained 
inwards [A] it by the pallet. 


to gears in the trans- 
mission system. 
According to 

the speed, the core 
of the cable rotates 
a magnet [1] which 
pulls a drum [2] 
mounted around it. 
A pointer on the 
speedometer dial 
movos with this drum 
but is stabilized, 

if the speed is con- 
stant, by a hai 

spring [3] which 
balances the forco 

of the magnet and 
holds the pointer 
stationary. 


heaving deck of a ship. In 1730 John Hadley 
(1682-1744) invented a reflecting quadrant 
that brought the horizon and the observed 
abject in line by mirrors. It soon developed 
into the sextant [1]. The sextant, so called 
because it usually has a scale of 60" (one-sixth 
of a circle), enabled mariners to measure 
angles at any inclination and to fix their posi- 
tions much more accurately 

Measurement of absolute movement 
relative to the stars was significantly im- 
proved after a French physicist, Jean 
Foucault (1819-68), built a gyroscope [3] to 
show that the earth revolved on its axis. The 
Principle of the gyro is that the axis of a spin- 
ning wheel suspended in gimbal rings holds 
its original position in space regardless of 
gravity or magnetic force. By fitting gyros in 
cases with circular rings, marked by degrees, 
aids have been developed for the automatic 
steering of machines ranging from space 
vehicles to oil drills, 


Pressure, speed and radiation 
In 1643 Evangelista Torricelli (1608-47), an 
Italian mathematician and physicist, found 


5 Measurement of 
mass is most accur- 
ately carried out by 
balancing. A hig 
sensitivity balance 
used by chemists 

has screw:weights [1] 
for fine adjustment. 
When correctly 
justed, a long 
vertical needle in 
the centre af the 
unit rests exactly 
over a central zero 


column. To a 
finer measurements: 
than are possibleby 9 
placing known weights 
in one pan a “rider 
weight” is some- 

times used, This 

small weight |2] is do- 
signed to slide along a 
direct-reading scale 
marked along the top 
of the balance arm, 


that the pressure of air at the surface of the 
earth was equal to that of a 76cm (30in) 
column of mercury. At higher altitudes the 
Pressure falls. Working on this principle, 
Torricelli devised the earlier practical form of 
the barometer. Measurement of changes in 
atmospheric pressure were soon being used 
to gauge the height of mountains as well as 
climatic conditions. In addition to the 
barometer and various adaptations of it, a 
wide range of instruments is now available to 
measure the pressuze of liquids and gases, A 
common example is the Bourdon tube gauge 
[7] patented by a French watchmaker in 
1850. More sophisticated instruments are 
based on similar principles. 

Accurate measurement of vehicle speed 
was achieved only in the 1920s with the 
development of the magnetic speedometer 
[4]. Today this instrument is usually linked 
with an hodometer which measures distance 
travelled. The nuclear age has brought still 
newer measurement needs and devices. The 
film badge [6] provides people who work in 
radioactive environments with a vital means 
of monitoring the amount of radiation, 


6 Afilmbadge worn As neutrons [3] do 

by those likely to 

be exposed to radia- 

tion consists of a 

film [7] ina pi and absorbed by a 
tic holder of known cadmium 

absorption proper- which emits a gamma 
ties [1]. A window ray for each neutron, 


{2} lets through all 


blackening the film, 
types of radiation, 


Gamma rays [4] them- 


Key 


‘The micrometer is a 
standard measuring 
instrument for de 
19 with precise 
mensions in the 


engineering industry. 


It consists basically 
of a screw or spindle 
that can be screwed 


selves penetrate all 
filters. X- 


filter, whereas beta 
particles and other 
types of radiation 
[10] blacken the film 
through the window. 
The developed fiim 

18] shows blackening. 


through a fixed nut. 
As the end of the 
spindle is turned in 
a clockwise direction 
it closes towards the 
workpiece being 
measured, which is 
lightly held between 
the spindle and the 


7 


7 Prossure is meas- 
ured in a Bourdon 
gauge by allowing a 
liquid or gas to flow 
into a curved flat- 
tened tube sealed 
at one end. Higher 
pressures produce 
a tendency for the 
tube to straighten 


meter is an ordinary be maintained on the 
mercury-glass thermo- scale [2] until the 
meter with a partic- mercury is forced 
ularly fine capil- back by shaking (6). 
lary [3]. A con: For easy reading the 
striction [4] allows stem is lens-shaped, 
mercury to flow eas in cross-section 


ily from the bulb [5] 
but, by surface ter 
sion, prevents flow 

back [7]. A tempera- 


[1]. to visually magnify 
the mercury when the 
thermometer is held 
at the correct angle. 


anvil (an inset piece 
of metal opposite 
the spindle). The 
required dimension, 
which is related to 
the number of turns 
wade by the screw, 
can be read off a 
Graduated scale. 


out. The resulting 
small movement at 
the sealed end of 
the tube is ampli- 
fied by a system 
of levers fixed 
to an indicator 

it moves over a 
scale to show the 
pressure applied. 


9 Temperatures 
defined in the int 
national Practical 
perature Scale in 
degrees absolute 
{above 0'K or ~273°C), 
The “fixed points” 

are melting-points 

of gold [1], silver 
{2} and zine (3); th 
boiling-point of water 
[4] and its “triple 
point” [5] at which 
steam, water and ice 
are in equilibrium; 
boiling [6] and triple 
[7] points of oxygen: 
boiling-point of neon 
[8]; triple [11] and 
boiling points of hy- 
drogen at atmospher- 
ic [9] and at 25mm of 
mercury [10] press- 
ures. Standard | 
struments 
g temperatures 
within certain ranges 

re the pyrometer [12], 
platinum-rhodium 
thermocouple [13], 
electrical resistance 

of platinum wire [14] 
and liquid-in-glass 
thermometer [15] 
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Machines for measuring time 


The earliest mechanical clocks containing 
movable parts were built about 700 years 
ago. But the first instrument to measure daily 
time was made more than 3,000 years ago. 
This was probably the Egyptian shadow 
slock, dating from about 1450 BC. Like a 
sundial, it measured daily time by the move- 
ment of a shadow thrown across markers, 


‘The first kinds of clocks 

The shadow clock was soon followed by the 
water clock or clepsydra [1] and the sandglass 
Or hourglass, in which time is measured by 
the change in level of flowing water or sand. 

These remained the only methods for 
measuring daily time until the Anglo-Saxons 
began to use candles marked at regular inter- 
vals [2]. In medieval times, instruments were 
made with dials marked in hours. These 
included the sundial and star dials such as the 
nocturnal [3]. 

All familiar clocks and watches work by 
the regular recurrence of some mechanical 
movement. The first mechanical clocks, of 
the thirteenth and fourteenth centuries [5], 
were driven by falling weights which moved 


1 


has an anchor that 
swings about its 

centre and is con- 
nected to the pen- 


depends above all on 
the escapement mech- 
m which releases dulum, A main spring 
the energy of a spring (not shown) moves the 
or weight regularly escape wheel clock- 

in small "bursts" to wise. A tooth of the 
the time-keeping part wheel pushes one pal- 


of the clock. The let of the anchor [B] 
anchor escapement of until the other pal- 
@ pendulum clock |A] let checks another 
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gear-wheels. For the clock to run for more 
than a few seconds, the power from the fal- 
ling weights must be released slowly, To do 
this, one of the gears (the escape wheel) is 
regularly “held” and released. The 
mechanism that achieves the controlled 
release of power in a clock or watch is called 
the escapement, 

Early clocks used the verge escapement 
Two projections or pallets, formed on the 
balance axis, engaged with and disengaged 
from the teeth of the escape wheel, causing 
the balance to oscillate regularly. The motion 
of the escape wheel was transmitted to a 
single hand on the clock face. 

As driving mechanisms, falling weights 
have the obvious disadvantage of not being 
easily portable. As early as the mid-fifteenth 
century, compact and portable clocks driven 
by springs were developed, 

Early spring-driven clocks were inaccu- 
rate. A minute hand had appeared on the 
faces of some of these clocks, but a hand tel- 
ling the seconds remained almost unknown 
until the arrival of the pendulum 

In 1657 the Dutch scientist Christiaan 


Egyptian 
clock made in the 
third century BC, 
Water is supplied to 
the funnel [1] and 
Passes to the cylin- 
der in which the 

float [2] rises. This 

is connected to a 
rack-and-pinion 

that actuates the 
hour hand. The 
of water flow is 


graduated stopper 
[3] and the we 
is kept at a constant 
level by means of 
an overflow tube, 


2 The oil clock was 

a 16th-century devel- 
opment of the candle 
clock first known 
among the Anglo- 
Saxons. Both have 

a scale recording 

the dropping level 

in hours as the 

or wax burn: 


commissioned in 1370 
to build a clock 
for Charles V's pal- 
ace in Paris. Itis a 
good example of 
early mechanical 
striking clocks op- 
erated by falling 
weights. As they fall 
the weights set ge 
is [1] in motion. 
The crown wheel [2] 
actuates the pallets 
of the verge 
escapement [3] so 
causing oscillations 
of the balance 
14]. Two inertial 
weights [5], sus: 


pended from the bar 

F balance, can be ad- 
tooth [C], the curve of  justed to control 
the pallet forcing the rate of the 
the wheel slightly bar's oscillation. 
backwards. After The gear train 
this recoil the pal- actuates the single 
let receives a push dial hand. A second 


until the first pal- 
let checks the wheel, 
In this way, the to- 
and-fro movement 


of gears lead- 
ing to the striking 
device is set in mo- 
tion by a lever |6] 
actuated by a pin on 
the hour-hand wheel 


Huygens (1629-95), influenced by a sugges- 
tion from the Italian scientist Galileo 
(1564-1642), specified the conditions for a 
Perfectly swinging pendulum and applied it 
to a clock. From this time, more accurate 
clocks were made with pendulums, 


Problems with pendulums and escapements 
Problems of accuracy remained. Pendulums 
are affected by changes in temperature, 
which cause them to expand or contract and 
So change length. in about 1715 George 
Graham invented the first of many pen- 
dulums compensated for temperature 
changes. Three hundred years ago, however, 
the principal shortcoming of clock mechan. 
isms was the verge escapement, which inter- 
fered with pendulum action. In 1673 a new 
type, the anchor escapement [4]. was 
invented, It allowed a heavy pendulum to 
swing in a small arc with such a gain in accu- 
racy that it is still fitted in some clocks, 
Another oscillator is the balance and 
balance spring, or hairspring [6]. One end of 
the spiral balance spring is fixed and the other 
end is attached to the axis of the balance. The 


3 


CONNECTIONS 
‘See ai 
is 


and wegga: 


* 


3 To measure time 
at night, a noc- 
turnal was used. It 
worked simply: the 
North Star was sight- 
ed through a central 
hole and the pointer 
was rotated towards 
the two "pointer" 
stars of the Plough. 


balance spring alternately winds and unwinds 
as the balance swings. 

The balance spring was also introduced 
by Huygens, in 1675, and he later incorpo- 
rated it in a watch that he intended to be used 
for determining longitude at sea, But balance 
springs, like pendulums, were adversely 
affected by temperature variations. It was not 
until 1753 that an effective compensation 
was made for a watch by John Harrison 
(1693-1776) whose chronometer of 1759, 
made in response to a government competi- 
tion, erred by only five seconds in a sea 
voyage lasting six weeks. Accuracy had also 
been improved by the introduction of jewels 
used as bearings. They reduce friction in the 
bearings and are extremely hard wearing 
Sapphires and rubies were, and still are, the 
jewels generally used. 

Watches were developed and refined with 
various escapements until the mid- 
nineteenth century when the lever escape- 
ment was almost universally adopted. In this 
mechanism, invented by Thomas Mudge in 
about 1755 but neglected for half a century, 
the pallets are attached to a lever that is 


sa 


6 This 17th-century tens or lengthens 
watch [B] has its spring to 
balance spring |1] its tension, 
attached to the which in turn 

staff of a bal controls the swings 


ance [2] which 
swings first one way, 
then the other, 
under the tension of 
the spring [A], The 
regulator [3] shor- 


and so the accur 
acy of the watch. 


detached from the balance for most of its 
swing. This arrangement, together with the 
lever's robustness, promotes a high degree of 
accuracy in timekeeping. 


Modern and electric clocks 

Other kinds of clocks, including those em- 
ploying an electric motor to wind a spring or 
weight, now rival purely mechanical clocks, 
A mains electric clock has a “synchronous” 
motor that keeps in step with the frequency 
of the alternating current supply. Electric 
pendulum clocks use electromagnets to keep 
a pendulum swinging accurately. 

Oscillators include piezoelectric crystals 
such as quartz. The crystal vibrates and con- 
tinues vibrating when the correct alternating 
voltage is applied accross it. Compact elec- 
tronic circuits reduce such high-frequency 
oscillations to only a few per second which 
then operate gears driving hands. Such clocks 
can be accurate to a tenth of a second per 
year. Even more accurate are atomic clocks 
that employ oscillating energy changes within 
atoms. Clocks of this kind are now tised as 


jed for centuries: 
ing the time, 


7 Quartz clocks and 
watches use the 
piezoelectric prop- 
erites of a quartz 


specific frequency 
when placed in ani 
alternating electric 
current circuit. 

Also, the circuit 
frequency becomes 
that of the crystal. 

In a quartz time- 
keepor this “crystal 
current” is amplified 
and used to drive an 
electric motor, 


play on the clock face, 


8 Atypical mechani- 
cal clock of today 

is operated by en- 
tored in a 
mainspring (1). This 
energy is released 

in small controlled 
“bursts” in an escape- 
ment mechanism com- 
prising a spring 


9 Atomic clocks use 
the frequency of vib- 
ration of atoms (about 
10,000 million per 
sec) to regulate a 
quartz crystal clock. 
Caesium atoms [A] 
are normally unmag- 
netized but radiation 


They have to be 
accurately set up 
with the 12 noon 
Position pointing 


[2] and balance 

[3] together with an 
escape wheel [4] 
The mainspring 
drives a great whee! 
[5] which in turn ro- 
tates the centre 
arbor [6] and minute 
nd [7] via the 
centre pinion [8] 


can magnetize them 
[B]. A caesium clock 
IC] has a boiler [1] 
giving a supply of 
atoms whose mag 
netic axes red up 
by a magnetic field, 

In the chamber [2] 
they encounter an 


due north (on a 
sundial) or on a 

wall clock, verti- 
cally downwards. 


and friction spring 
9]. The hour hand 
(10} is turned at 
‘one-twelfth the 
speed of the minute 
hand by motion work 
gears [11] which a 
driven by acannon 
pinion in small con- 
trolled increments. 


oscillating field and 
the magneti 

“flip” over so that 
they are deflected by 
a second magnetic 
field towards a 
detector [3]. Signals 
from here control a 
quartz crystal clock 
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The factory and assembly line 


In modern industrial society nearly all con- 
sumer goods are made in factories which are 
complex organizations of machines, pro- 
cesses, materials, people and products 
Underlying the organization of a factory is 
the principle of the division of labour, formu- 
lated by Adam Smith (1723-90) in his book 
The Wealth of Nations (1776), in which he 
described methods used to make pins. The 
manufacture of pins was divided into several 
different tasks, each carried out by a different 
Person. It has been found that this type of 
organization, in which the work is divided up 
into a series of separate operations, is essen- 
tial for large-scale production, 


The factory system 

A craftsman generally carries out all the 
stages of manufacture of an article himself 
But even he relies on apprentices or other 
help; few woodcarvers make their own tools, 
for example, although they certainly sharpen 
them. Some processes are now being envis- 
aged in which a modern master-craftsman, 
using computerized systems, will design and 
control the manufacture of goods by mass 


1 


3 The Model TFord 3 
was first manufac- 

tured in 1908, Fit- 

teen million cars 

were sold during its 

19 years of produc- 

tion, With the Modi 
T mass production 
could be said to 
have come of a 


Production, and in doing so restore the unity 
of craft techniques, 

In Europe the factory system became 
firmly established for the making of cloth in 
the seventeenth century. The process was 
subdivided into carding, spinning and 
weaving, sometimes with many machines in 
one factory, Even so, factory production 
accounted for only a small proportion of the 
total output of cloth 

A decisive step came with the design and 
manufacture of machinery with standard- 
ized interchangeable parts. In 1803 Marc 
Isambard Brunel designed machinery with 
interchangeable parts for making pulley- 
blocks for the Portsmouth naval dockyard 
[1]. The machinery was manufactured by 
Henry Maudsley and there were 45 machines 
of no less than 22 different kinds. By 1807 
the machinery was capable of supplying the 
entire pulley-block requirements of the 
Royal Navy and by 1808 there was a yearly 
production rate of 130,000 blocks. 

The first automatic assembly line [4] was 
begun when the Olds Motor Works in 
Detroit, USA, was destroyed by fire in 1901 


The factory was rebuilt so that a car could be 
wheeled from worker to worker. This idea 
was later employed by Henry Ford who 
started up the first moving assembly line 
using interchangeable parts and a moving 
Conveyor belt to transport the vehicle around 
the factory floor. (This meant that cars of the 
same model could be repaired or assembled 
from stock parts.) By 1914 Ford was turning 
out the Model T at a rate of one every hour 
and a half. This time-saving cut production 
costs, and the price of a Model T had fallen 
from $850 to $400 by 1916, 


Modern assembly lines 
On modern assembly lines complex products 
are assembled at speed. Goods are produced 
in greater quantities and at a lower cost 
Production lines even manufacture complex 
machined parts, such as cylinder blocks for 
automobile engines, as weil as large finished 
items [5]. Some production lines have equip- 
ment that automatically transfers parts from 
one machine to the next, 

The assembly line is undoubtedly effi- 
cient but the work is not only extremely 


1 The machinery 
that was set up in the 
Royal Dockyard at 
Portsmouth was the 
first instance of the 
use of mass produc- 
tion of interchang 
able parts with ma 
chine tools. The ma: 
chines were so well 
designed and built 
that several of them 
were still in 


2 The 1873 Colt 
revolver is still 
being made today. 
Colonel Samuel 
Colt (1814-62) was 
the first mi 
ducer of 


anisms and there: 
fore had to be 

cocked before firing 
They were first 
supplied in 44-inch 
calibre to the US Army 


Saving in the first 
year was £24,000 of 
which the inventor, 
Mare Isambard 
Brunel (1769-1849), after the Mexican 
received £17,000. War (1846-8), 
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4 Assembly line 
techniques are still 


although they are now 
being superseded by 

modified s) 
are both e; 
worker and less regi 
mented in character 


boring for the workers but has to be per- 
formed under tremendous pressure. The 
whole process of mass production is however. 
beginning to change. Work is being reor 
ganized to make each person's job more 
interesting and automated factories under 
computer control are planned. 

The attempt to improve job satisfaction 
was pioneered in Sweden. Instead of a “one 
man, one machine” line, departments are 
divided into a series of teams. Each team 
receives the same pay, with each person in it 
performing a variety of tasks. Instead of 
working to orders, each team devises its own 
methods, The new system has succeeded 
Using it, the Saab-Scania car division at 
Sodertalje opened a new factory for engine 
assembly in 1972 and Volvo opened a plant 
for the assembly of complete cars in 1974 


Other new methods 
New methods of organization and manufac- 
ture are being developed in most industries, 
with mass production reserved for the 
production of identical parts in large quan- 
tities. “One off” parts and prototypes remain 


5 Products made 

on assembly lines, 
Such as these motor 
pass 
from one group of 
workers to another 
Each worker repeats a 
specific job on a part 
built engine as it 
roaches him (A, B]. 
Finally the completed 
product passes to 
inspectors, who carry 
out a series of exam: 
inations [C] to test 

its quality. The 
advantages of “one man, 
one job” can, however, 
be offset bocause of 

the boring, repatitive 
nature of the work 


car engin 


of at loast 16 dif 
ferent kinds of parts. 
The engineering 
drawings of a part to 
be made resemble a 
map, and the various 


6 Computer-control- 
Jed parts manufac: 
ture uses a versatile 
handling system. De- 
pending on the com 
plexity of the part, 

it can be directed 

to just two or three 
machines, bypassing 
the others. The com- 
puter is also able to 
direct the machining 


can be coded as in- 
structions to the com. 
puter's memory and then} 
later to the machine 

that makes the part. 


i 


angles and dimensions 


expensive, Between these two extremes 
there are batch-produced items made at 
moderate expense, This is a surprisingly 
important area of production and it has been 
estimated that more than 50 per cent by value 
of the goods manufactured in the United 
States are made in batches of 50 or less. 

The manufacture of computer-controlled 
parts [6-8] depends on numericall 
controlled machine-tool stations, which can 
be instructed to carry out a range of 
machining tasks. There are also versatile 
handling systems that transfer manufactured 
parts from one station to another and posi- 
tion them according to instructions. The type 
of design must be made to suit the com- 
puterized control system. Japan is the most 
advanced country in computer-controlled 
Parts manufacture, but the most ambitious 
system is at Karl-Marx-Stadt in the German 
Democratic Republic. The system is housed 
in an air-conditioned building the size of two 
football fields, Work is transferred round the 
factory floor on pallets supported on air cush- 
ions, like miniature hovercraft, and propelled 
by means of linear induction motors. 


The automatic tool- 
changing carousel 

provides a versatile 
machine tool suited 
to numerical control. 


7 A computer is the 
heart of any fully 

automatic manufac: 
turing process, It 

can collect and sort 
production dat 
Control the ordering 
of raw materials and 
stock and, most im- 
portant of al 


A computer selects 
the tool and itis 
automatically brought 
into position in 

a few seconds. This 


automatic machine 
tools to fabricat 
various components 
and other parts. 


8 Computer-managed 
parts manufacturing 
Uses computer tech- 
nology to lower the 
cost of machining 


system is expensive 
compared with stan: 
dard tools and its use 
has not always 
proved to be justi 


a small number of 
parts. Because the 
computer stores all 
the information about 
the part it is 


in a “batch” that can 
consist, if necess- 
ary. of only one unit. 
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Machines for lifting 


The strongest athletes can lift to just above 
the ground weights of up to 425kg (935Ib), 
but few ordinary people can lift more than 
50-60kg (110-132Ib). Early man soon 
developed machines for lifting large stones 
and tree trunks. A simple device is a single 
Pulley wheel arranged as a hoist. But a rope 
round one pulley merely changes the direc- 
tion of the pull and friction in the pulley's 
bearing in fact makes this. simple machine less 
efficient than a straight pull. If the rope is 
wound round a wheel or cylinder to form a 
Windlass [Key], a mechanical advantage is 
gained, by means of which a man can easily 
lift more than his own weight. A small wind- 
lass can be driven by a hand crank -first used 
in the ninth century ~ and many early cranes 
and hoists used this principle. Horses, oxen 
or other animals could also be harnessed to 
do the pulling, 


Screws and pulleys 

Many key inventions of antiquity, such as the 
screw and the pulley, cannot be credited to 
any one man. The Greeks were probably 
using screws by about 400 BC and by the time 


1 Inthe earliest days shafts. The horse- 
of mining tubs full of powered capstan [1] 
ore were dragged turns a cogged wheel 
alonghorizontalor  {2] to winch upa 
gently sloping tunnels leather bucket [3] 
driven into a hillside. containing the ore. 
The developmentof To lower a load the 
hoists by the 16th minors reversed the 
century allowed horses’ harnesses 
miners to sink vertical and made them walk 


1 


of Archimedes (who died in 212 BC) the 
screw certainly had various applications. 
Archimedes himself invented a type of pump 
consisting of a long helix in an upward- 
sloping tube; by turning a handle at the upper 
end the operator could “screw” water from 
the lower end of a spiral to its upper end until 
it flowed out of the top, This kind of pump 
was used for irrigating the Nile Valley. In 
Roman and medieval times, screw presses 
were used for crushing olives and grapes. 

In the thirteenth century the French 
monk Villard de Honnecourt followed 
Archimedes and made a machine that used a 
screw for lifting instead of pressing down- 
wards. Today known as the screw jack [2], 
the device has many applications from lifting 
a car to change a wheel to jacking up whole 
buildings while a storey is slipped underneath 
forming a new ground floor. 

Pulleys were also known to the ancient 
Greeks who used them to lower a statue of a 
god on to the stage as the climax of a religious 
drama, By the time of Christ Roman 
engineers were designing and making mul- 
tiple pulley blocks for lifting heavy loads, A 


in the other direction, 2 The winding lever 
The brakeman [4] [1] of a screw jack 
working below is turned once to 
stopped the hoist by raise the jack 
pulling down the through a distance 
beam [5]tomakethe equal tothe pitch of 
timber baulk [6] the screw’s thread, 
press against the With a fine pitch a 
edge of the ‘small effort can lift 
brake drum (7). avery heavy load. 
3 A compact hoist 
can be made using 
two pulley blocks, 
Thi mech- 


anical advantage of 
eight, although 8m 
(26ft) of rope have 
to be pulled through 
to raise the load 
only 1m (39in). 


3 


4 An hydraulic itt 
ofthe 19th 

century also uses 
pulleys. A pump [1] 
prossurizos water 

to move the plunger 
12]. This movement 
is transmitted to 

the lower pair of 
pulleys [3] to raise 
or lower the lift 
cage [4]. In this 


200-tonne Egyptian granite obelisk, similar 
to the so-called Cleopatra's Needles now 
standing in London and New York, was 
erected in ancient Rome using many pulley 
blocks and teams of slaves to provide the 
muscle power. Today's compact hoists [3] use 
exactly the same principles. 


Hoists and cranes 

Machines for lifting can also be made using 
gears to obtain mechanical advantage. With 
only horse power, sixteenth-century miners 
hauled loads of ore and other minerals [1] 
Later hoists using steam engines - and even 
modern ones with electric motors - use 
similar principles. 

Early cranes were merely rope-and- 
Pulley hoists rigged using two or three 
wooden “legs” straddling the object to be 
lifted. Power was provided through a wind- 
lass or, for heavy loads, by a treadmill. The 
building projects and dock installations of the 
Middle Ages depended on such machines for 
lifting huge blocks of stone. 

Modern cranes are of two main types 
known as bridge cranes and jib cranes, Both 


way, the relatively 
smail movement of 
the plunger is made 
to produce a larg 
Movement of the 


inside it by ropes 


(8); 
nected to the 
water pump. 
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use a kind of windlass with steel wire rope 
wrapped round a powered drum. A bridge 
crane has a box-girder-like beam (called a 
gantry) running on long elevated tracks at 
each of its ends. The gantry can move back- 
wards and forwards along the tracks. The 
hoisting system is-carried in a trolley, which 
can move from side to side along the gantry 
beam. Bridge cranes are commonly set up 
above a working area to handle such loads as 
tree trunks and steel beams. 

A jib crane has a long boom called a jib 
that can swing horizontally, to move the load 
sideways. Many such cranes can also “luff” 
to control the reach of the crane by angling 
the jib more or less to the horizontal 


Lifting people 
Skyscrapers and high-rise blocks of flats 
would have been impossible without a lift 
(called an elevator in the United States) 
interconnecting the dozens of floors and 
giving access to the ground. In 1857 the 
American inventor Elisha Otis (1811-61) 
installed a steam-powered lift in a New York 
department store 


SAtowercraneis 5 
used in constructing 
high-rise bulidings. 


Anchored to the 
ground orto the 
building itself, 


upwards as the work 
proceeds. Standard 
lattice sections form 
the tower which sup- 
ports a horizontal 

jib whose weight, 

and that of the load, is 
counterbalanced by 
block of concrete. 
The hoist is 
trolley that can 

travel along the boom 
and is controlled from 
the driver's cabin, 


6 Each step on the 
ndless belt forming 
an escalator has two 
pairs of wheels, The 
Upper pair [1] run on 
an outer rail and the 
lower ones [2] run on 
aninnerrail.Onthe on and off. Even 
sloping part of the when stopped, an 
the escalator can be used 


rails are in line. 
But at the top and 
the bottom they sep- 
te to make the 
steps line up to 
create flat sections 
for people to step 


Bottom combpiate 


Early lifts used the screw jack principle, 
soon to be replaced in the 1870s by lifts using 
hydraulic pressure. Water, oil or other fluid is 
pumped to provide pressure against a piston, 
which in turn raises the load. Many buildings 
use a combination of hydraulics and pulleys 
[4] which allows the lift to be made longer. In 
the twentieth century, buildings were made 
even taller, especially in the United States, 
The ultra-high-rise buildings of today need 
electric-powered passenger lifts that travel at 
more than 400m (1,312ft) per minute 

In underground railway stations and large 
stores, there is a more or less continuous flow 
of people between various levels. Here the 
people-lifting problem is solved by using 
escalators, which are continuously moving 
staircases based on the conveyor belt prin- 
ciple with an endless belt of steps. The orig- 
inal patents of 1891 were obtained and 
improved by the American Otis Elevator 
company which, together with Westinghouse 
lectric Elevators, developed the modern 
escalator in the 1930s. An escalator 1.25m 
(4ft) wide moving at 27.5m (90ft) per minute 
can carry about 8,000 people an hour 


The effort of lifting 
aman is reduced by 
the mechanical advan 
tage provided by the 
windlass on a mine's 


winding gear. if the 
shaft has a radius of 
30cm (12in) and the 
windlass 240cm (94in) 
the mechanical advan: 


tage is eight -by 
exerting 10kg (221b) of 
affort an BOkg (176b) 
man can be lifted 
trom the mine. 


Electric motor 


Handrai 


Top retum 
pullay 


‘Outer rail 


Bottom retur pulley 


7 A fork-lift truck 

is used for moving, 
stacking and unstack 
ing goods carried on 
wooden pallets 
platforms that can be 
scooped up on the 
truck's forks. A 
heavy weight at the 
rear of the truck 
counterbalances the 
load. Most trucks are 


driven by electric 
motors, although 
some have diesel or 
low-pressure gas 
engines. The same 
power unit drives the 
hydraulic mechanism 
or chains that raise 
and lower the forks, 
which may tilt back 
wards to make the 
load safer when 


being moved. Some 
trucks have tele- 
scopic masts which 
extend upwards to 
allow the forks to 
stack loads up to 5m 
(16ft) above the 
ground. Carrying cap- 
acities vary from 

five tonnes with 
small machines to 

50 tonnes or more. 


457 


— 


Earth-moving machines 


Building Iron Age forts, digging canals, 
making railways and constructing modern 
motorways have all required the shifting of 
hundreds of tonnes of soil. As a result, from 
the Iron Age to the present day men have 
devised various machines for moving earth 

One of the earliest earth-moving mach- 
ines was the wheelbarrow, developed in 
China before 118 AD. The Chinese version 
had a large wheel 1m (39in) or more across 
with the load carried above and at the sides of 
the wheel, The early European wheelbarrow, 
similar in style to that used today, had a fairly 
small wheel and the load was carried between 
it and the handles. Using only wheelbarrows, 
picks and shovels to assist them, the navvies 
(short for navigators”) built the whole 
system of European canals and many of the 
carly railways [Key] 


Modern earth-moving machines 

Wheelbarrows are still used on small-scale 
building projects, but today’s civil engineers 
can choose from many specialized earth- 
moving machines. The digger or excavator 
was one of the first of these and a mechanical 


3 A dragline exca- 
vator, which is a kind 
of revolving shovel 
with a long boom, is 
ideal for stripping 
the topsoil, called 
over-burden, from 
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near-surface deposits 
of coal and other min: 
erals, With very 

Jong booms, the 
bucket must be light 
or the machine must 
have a counterweight 


digger was an early nineteenth-century appli- 
cation of the steam engine. 

Today there is a wide range of excavator 
designs, each suited to a particular task, The 
dragline excavator, for example, has crawler 
tracks for moving over uneven or soft ground 
[3]. The digging bucket is suspended from a 
jib and after scooping up its load is winched 
back to be dumped. The size of the “bite” 
taken by the bucket has to suit the material 
being excavated. So for soft earth and for 
moving existing stockpiles of earthy mine- 
rals, such as crushed ore, a light bucket is 
used. A medium-weight bucket is employed 
for general digging duties, but for deep dig- 
ging, or in rocky terrain, heavy buckets are 
essential to give enough penetration and pre- 
vent undue wear. In all these operations, the 
digging action occurs as the bucket is dragged 
back along the ground after being dropped 
from the end of the jib. 

For size and capacity the largest bucket- 
wheel excavators [2] are among the world’s 
greatest engineering achievements, They 
belong to the largest of self-propelled land 
machines and can be used for rapid 


1 A hydraulic shovel 
has rams hinged at 
the base of the bucket 
By skilfully controlling 
these rams, the 
driver is abie to exce. 
te material without 
having to move the 
machine forwards 
For speed of opera 
tion a machine may 
have a crawler hull 


round to dump into a 
truck parked behind 
itin a maximum, 

of 15 seconds. 


2 Adigging-whee! 
excavator, with a 
scoop-tipped wheel 
up to 20m (66ft) 
across, can shift 
many cubic metres of 


soft mi onto 
its al conveyor 
belt, It is partic: 


ularly useful for 
shifting dumps of 
powdered mi 
such as china 
clay or coal-dust. 


4 A shovel dozer, 
designed for digging 
and loading, can also 
be used for moving 
'spoil” over short 
distances. The craw: 
ler-mounted type can 


have a bucket holding 
upto 4 cu metres 
(140 cu ft) of soil. 
Special attachments 
allow the machine to 
lift and remove rocks 
and tree stumps. 


excavating or for shifting vast quantities of 
loose material such as crushed ores or coal 
They can move up to 10,000 cubic metres 
(354,000 cubic feet) of material in an hour. 

Dredgers are merely floating excavators 
used for keeping docks, harbours and river 
channels free from mud and silt. They can 
also be used for “mining” underwater, to 
scoop up sand and gravel and other minerals. 
They have boat-like hulls, which may be pas- 
sive and thus have to be towed to the site of 
operation, or fully powered and equipped 
with the necessary machinery to travel in the 
open sea, They have diesel engines that drive 
the machinery directly or power a generator 
to supply electric motors. 

There are three main types of dredgers 
bucket dredgers [6], grab and dipper dredg- 
ers and suction dredgers [7]. Bucket dredgers 
have an endless chain of buckets, on the con- 
veyor belt system, that scoop up material 
from the bottom. A grab and dipper dredger 
has either a mechanical shovel (the dipper) 
pivoted at the end of a boom or a “clam- 
shell” (the grab) for excavating materials in 
bulk, Most grab and dipper dredgers have a 
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See siso 


Tunnel engineering 


pair of metal legs, called “spuds”, which are 
lowered to the bottom to stabilize the craft 
Suction dredgers work like giant vacuum 
aners and use powerful pumps to suck 
e up from the bottom 


Shovels and dozers 
The workhorse of land-based earth-moving 
equipment is the mechanical shovel, often 
known today as a hydraulic loader [1]. It may 
have crawler tracks or wheels (with two- 
wheel or four-wheel drive). The crawler ver- 
sion can turn in very confined spaces—evenin 
its own length ~ but the wheeled loaders 
travel much more quickly, In both the usual 
cycle of operation consists of loading the 
excavator bucket, travelling to a heap of 
“spoil” or to a dumper truck, dumping and 
travelling back to the excavation position 

The dumper trucks, also essential 
machines in a modern operation, have a 
capacity of 20 tonnes or more, Even so, 
several may have to be used to keep pace with 
a giant excavator 

If the soil or other material does not have 
to be moved too far it can be pushed to its 


SAscraperisone $ 
of the key machines 
in modern road- 
building projects. 
Self-powered or haul- 
ed by a tractor, large 
ones can carry 100 
cu metres (3,500 

cu ft) of soil, For 
extra power, a second 
diesel engine may 
be mounted at the 
rear. It is this 
massive power that 
's the scraper 
biade under the 
machine to skim off 
layers of earth and 
force them back into 
the body or "bow! 

of the machine. The 
heights of the scraper 
nd of the tailgate, 
which is lifted or 

slid aside to release 
the load, are control- 
led by hydraulic rams, 
also powered by the 
main engines. All 
scrapers have huge 
tyred wheels to 

cross uneven ground 


new site by a bulldozer or carried there by the 
hybrid machine known as a shovel dozer. An 
ngledozer merely pushes the material to one 
side. A shovel dozer [4] can use tracks or 
wheels, depending on the site. It can dig, load 
and transport “spoil” 


Scrapers and graders 
For building level, modern roads the 
specialized earth-movers employed are 
scrapers and graders. A scraper may be self- 
propelled or pulled by a tractor [5]. It has a 
knife-like cutter that planes off a layer of soil 
into an internal reservoir called a bowl; this 
can hold up to 40 cubic metres (1,413 cubic 
feet) of soil. The depth of cut is controlled by 
hydraulic rams and the machine can trans- 
port its load to a nearby site for dumping. The 
“spoil” is dumped - gradually or in one lot 
by moving the rear tailgate 

For precise finishing of the earth road 
foundation before concreting, a machine 
called a grader is used. It has an angled blade 
2-4m (7~13ft) wide hydraulically controlled 
and slung between its wheels. Most of these 
finishing machines are self-propelled. 


Key 
In the early days of 
railways, cuttings 
were largely excavat: 
‘ed by hand; picks and 
shovels were used to 
dig out the soil and 
wheelbarrows to cart 


it away. The 3km (2 
mile) Tring Cutting 
between London and 
Birmingham was dug 
in 1838. Horses 
pulled the loaded 
barrows up planks 


laid up the sloping 
sides of the cutting. 
but navvies had the 
dangerous job of 
guiding the barrows. 
Inevitably, accidents 
were frequent 


6 A bucket dredger 
has an endless chain 
of buckets that 
Scoop up sludgy mat- 
erial from the bottom 
of the sea or river 
The “spoil” is auto. 
matically tipped into 
a discharge chute 
and into a barge 
moored alongside or, 
when working in a 


dock, directly into 
a dumper truck. Most 
bucket dredgers. 
have no engines and 
therefore have to be 
towed into position by 
tugs, although self 
propelled ones are 
sometimes used for 
excavating canal 
banks or other 
confined areas, 


7 A suction dredger 
has powerful pumps 
that suck up the 
‘spoil in the form of 
a watery mud called 
slurry. Any hard mat 
erial is broken up by 
high-pressure water 
jets or cutters. Most 
suction dredgers are 
self-propelled and 
can move to dump. 


459 


Scere 


1 
A 


Moving heavy loads 


Ordinary cranes, used in the construction in- 
dustry or for loading ships, can lift weights of 
up to 200 tonnes. But consider the following 
problems: a prefabricated 1,500-tonne sec- 
tion of a ship (such as the whole superstruc- 
ture or the front part of the bow) has to be 
placed in its final position [2]; a 6,000-tonne 
rocket has to be moved Skm (3 miles) to its 
launching site [3]; a 7,000-tonne section of 
a stadium has to be placed in a new position 
[4]. Each of these involves moving a heavy 
load, and each has been solved 


What are heavy loads? 
The ability to move heavy loads is increas- 
ingly important to the engineering industries 
because the cost-saving of building assemb- 
lies on a specific site before moving them to 
their final places is now accepted. But 
prefabricated structures are becoming larger 
and heavier. As new load-moving techniques 
have been developed, other industries have 
assessed their usefulness and have had to 
adopt them 

The word “heavy” is arbitrary, but for 
these purposes it includes loads ranging from 
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hundreds of tonnes to tens of thousands of 
tonnes. Moving heavy loads has presented 
engineers with problems for thousands of 
years. Many suggestions have been put for- 
ward as to how stone was moved in the 
building of the pyramids and Stonehenge. 
Certainly a method using tree trunks as rol- 
lers would have been known at that period of 
history and animal or human power could 
have provided the motive force 

Man started with the lever and soon 
discovered the arrangements of the moving 
force, the load and the fulcrum (pivot) tha 
would be most useful in particular applica 
tions, Archimedes [Key] is reputed to have 
claimed, “Give me a firm place on which to 
stand and I will move the earth”. He realized 
that to use a long lever to gain a mechanical 
advantage would mean that a small move- 
ment of the load could be obtained with a 
large movement of the applied force 


‘The problems involved 

Moving heavy loads has always involved two 
different problems: how to reduce the fric 
tion underneath the load and how to provide 


1 The idea of re- 2 
ducing friction be- A 
low a heavy load 

was known to prehis- 
toric man. Examples 
include the large 
stones that were 

used in the building 
of Stonehenge [A] 

on Salisbury Plain 

in England, probably 
moved with logs under. 
neath the stones 
acting as rollers [B]. 
As the load moved 
forwards, the logs 
would be removed 
from the back and 
brought round to the 
front. Large dia 
meter logs would not 
fall into small ruts 
and long logs would 
reduce the ground 
loading. The motive 
force could be direct 
man or animal power, 
but levers could 

have been used to 
roll the logs. Very 
large loads can be 
moved in this way 


sufficient force to overcome the friction 
remaining once the load is moving. To reduce 
friction, rolling logs were used and later 
wheels of various types. Grease was also 
applied to ease the movement of the load, 
Particularly in the shipbuilding industry 
More recently various “slippery plastic 
coatings, such as polytetrafluorethylene 
(PTFE), have been used, as well as air and 
water cushions that operate like hovercraft 

There are two kinds of friction involved in 
moving anything, Static or stationary friction 
has to be overcome to start something 
moving and dynamic or moving friction 
opposes its continued movement. The coeffi- 
cient of friction between two materials is 
defined as the ratio of the force required to 
move the load to the weight of the load, Static 
and dynamic coefficients have wide ranges 
These maximum values drop between the 
traditional slippery slope of steel on greased 
steel (used for ship launching) from 0,25 and 
0.17, down to 0.10 and 0.05 for steel on 
PTFE plastic. (They have alre: dy been 
halved.) The values fall to 0.01 for air- 
bearing systems. 


2 The principles of 
multiple pulley 
blocks and their use 
for gaining mechan. 
ical advantage has 
been known for cen: 
turies. If the blocks 
are threaded with a 
single rope, then a 
count of the number 


of lines effectively 
Supporting the load 
gives the gain, In 
[A] a gain of six 

is shown. Nearly 

every crane system 
uses this technique. 
A disadvantage of 
the technique is that 
a great length of 
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Levers and wee 
Earthmoving 

Makirg largo 

buon 


hauling rope must 
be winched in to 
achieve only a small 
movement of the 
load. Extremely 
large portal cranes 
[B] can lift 1,500 
tonnes and are now 
used in shipyards 
throughout the world. 


3 The caterpillar 
crawler mechanically 
transfers linked 
plates from the back 
tothe front for the 
load to roll over 


them [B]. By ìn- 
creasing link width, 
ground loading is 
reduced. The motive 
force is also sup: 
plied through the 


wheels and track 
This technique was 
chosen to transport 
the 6,000-tonne 
US Saturn rocket 
and launcher [A]. 
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The use of friction-reducing systems can 
introduce further difficulties. Loads of 
thousands of tonnes, once they have started 
moving, also have to be stopped. For this 
reason, when coefficients of friction are low, 
suitable braking systems must be incorpo- 
rated. After a ship is launched, strong chains 
and cables are needed to stop it 

Any conventional system can be used for 
motive power, providing that it can overcome 
the frictional forces that remain. When large 
cranes such as portal cranes [2] are used to 
move a load from one point to another, they 
are merely lifting the load to reduce the 
coefficient of friction between it and the 
ground. This means that stresses are then put 
into the ground at chosen points, which have 
previously been strengthened 


Strengthening the surface 
A third difficulty concerns the amount of 
Preparation required for the surface on which 


gravel will withstand a ground loading of 33 
tonnes per square metre and wet sand 5.5 
tonnes per square metre. At greater loadings 
than these the gravel or sand “collapses” and 
the load sinks in. The loading is a pressure —a 
weight on a given area ~ and fora given load 
increasing the area of contact obviously 
lowers the pressure. This is why snow-shoes 
Support a man on loose snow whereas in ordi 
nary boots he would sink 

In most heavy load-moving techniques 
there must be a way of spreading point loads. 
But even this is not a complete answer to 
ground-loading limitations. A hovercraft or 
air-cushion system that can carry loads over 
water has been known slowly to bury itself in 
dry sand as the sand is blown out from unde 
neath the load. 

It rapidly becomes clear that there is no 
universal way of moving a variety of loads 
over various surfaces for different applica 
tions, The answers to the problems illustrated 


Key 


Archimedes made 
many basic scientific 
discoveries, including 
the laws relating to 
the pulley and the 
lever. He is reported 
to have claimed that, 
given a pivot and a 
long lever, he could 
move the world, 


the load is to be moved, This involves a here are merely a few modem solutions -a 
calculation of the maximum permissible portal crane to lift a ship structure, caterpillar 
ground loading. For many materials this crawlers to move the Saturn rocket and air- 
quantity is known — for example, compacted cushion units to move the stadium stands 


4 The air-cushion that air can escape coefficients of The Ohau Stadium in [B] for football to it reduces friction that could 
technique uses high [A]. This continually friction can be ob- Hawaii was designed — a diamond shape |C] Problems on the cause the loads to 
air pressure under escaping air actsas tained. The loading so that the stands, for baseball. The smooth surface have run away, Movable 
neath a load to liftthe a bearing for the is spread over the could be moved {rom  air-cushion system arisen because of friction grippers 


slightly so load and very low area of the cushion, @rectangularshape was chosen because wind loadings and are used for braking 


5 Hydraulic jacks 6 The walking beam 
can move extremely uses two “footprints” 
large loads, such as which take the load 
this 4,000-tonne alternately [A]. The 


ship section [8], if 
they have reaction 
points, Hydranautic 
Gripper jacks pro- 

vide these by using 
hydraulic forces to 
give grip as well 

as push [A]. The se- 
quence shows the 
grippers being pulled 
up behind the load 
and repeatedly locked 
into position. 


area of the foot- 
print can be de- 
signed to suit any 
ground loading. By 
choosing appropriate 
geometry, the walk- 
ing beam can be 
made to move in any 
direction and also to 
rotate, Four walking 
beams carry and 
rotate this oil 
platform module [B], 


———————— 


Electronic devices 


Electronics is the science that deals with elec 
tric currents moving in components such as 
valves, transistors, diodes, cathode ray tubes 
and many others. When various components 
are assembled to make circuits to perform 
specific tasks the resulting apparatus is an 
electronic device. 

Our world is increasingly dependent upon 
electronic devices of all kinds - in industry, 
commerce and the home. The devices them- 
selves are legion, yet the types of components 
from which they are constructed are rela- 
tively few. Today, electronic circuit designers 
Prefer to use solid-state components such as 
integrated circuits and transistors because 
they are smaller, cheaper and more reliable 
than valves (known also as vacuum tubes) 
High-power applications, for which there are 
no solid-state equivalents, are exceptions, A 
transistor is a separate electronic component 
which, with other transistors, capacitors and 
resistors, can be wired to form a circuit. Inan 
integrated circuit all such components are 
formed in a single “chip” of semiconductor 
material only a few millimetres across. 

From the countless applications of elec 


3 An automatic cam- 
ora shutter makes the 
correct exposure for 
a pertect photograph. 
The light path 

gram [A] shows how 
some of the incident 
light is reflected on 

to a photo-sensitive 
cell [1]. This is part 

of the electronic 
shutter-control 
circuit [B]. Ini 

ly, the cell output 
powers an exposure 
meter [2], but is auto- 
matically switched 
into the timing cir- 
cuit immediately be- 
fore the exposure, The 
shutter [C] has an 
electromagnetic re- 
lease mechanism [3]. 


tronics the eight devices described here 
demonstrate the possibilities of electronic 
devices, which are continually being invented 
throughout the industrialized world. 


Electronics and light 
Optoelectronics is the name given to the 
combination of optical and electronic techni- 
ques and hardware. A typical application is a 
method of counting on mass-production 
lines. In this, a beam of light is repeatedly 
interrupted by the products moving along a 
conveyor belt. The light pulses so produced 
are focused on to a photoelectric cell, to be 
counted electronically 

Another labour-saving application of 
Optoelectronics is the remote control of a 
television set [1]. Basically the system is a 
torch-like hand-held device. Merely by 
switching on, directing the light beam at spe- 
cially fitted "light-control" positions on the 
TV set and turning the rotary control, it is 
possible to adjust the volume, contrast and 
channel received. With such a device a viewer 
can control his television set without moving 
from his chair. 


4 One type of digital 
counter [A] indicates 
numerals using 
several gas-filled 
valves, known as 
“Nixie” tubes [B]. 
These have ten 
cathodes, shaped as 
the numbers 0t09, 
one behind the other 
Each cathode isa 
fine wire and the 
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About 20 per cent of modern cameras CONNECTIONS 
now feature optoelectroniccircuits, mostly to 
control shutter speed [3]. These techniques 
enable even the most inexperienced photo- Y% 
grapher to be sure of getting the exposure What compun 
time right, whatever the light conditions. ™ 

Some cameras now incorporate automatic 

systems that prevent the photographer from 

making an exposure if there is not enough 

light. Usually, the light sensor is a cadmium 

sulphide (CdS) photoconductive cell. Its 

spectral response (the range of light to which 

it is sensitive) matches that of the human eye 

and modern photographic emulsions, and so 

this cell is ideal for automatic exposure and 

shutter speed control in cameras 


See aiso 


Electronic digital clocks 

Unlike mechanical ‘digital clocks, the all- 
electronic variety is silent, It is designed 
round several integrated circuits and uses the 
mains alternating electricity supply to get the 
necessary pulses of current. For greater accu- 
racy a crystal-controlled oscillator can be 
used. The pulses are eventually used to 
trigger a series of special cold-cathode gas- 


Jinan opticalre- 2 
mote controller, a 
multivator [1] pro 

duces pulses [2] 

using a rotary 

control [3]. The pulses 

are amplified [4] and Az 
modulate light to pro- 

duce a set of sawtooth < 

pulses [5]. These 
are received by 

a photo-transistor [6] 
inthe TV, amplified 
[7] and used to work 
a trigger to re-form 
the pulse shapes (8) 
This signal can then 
be used to control 
the channel selection 
or the volume of the 
television receiver 


2 A metal locator 
works by subtracting 
two supersonic fr 
quencies to produce 
an audio frequency in 
headphones. One fre- 
quency is produced 
by an oscillator in- 
cluding the search 
coil and a capacitor. 
The other is pro- 
duced by internal 
circuitry. When the 
search coil is not 
near a metal object 

a note is heard. 

As soon as metal is 
located, the note 
changes because 

the coil’s induct- 
ance has chang 


only one visible 
isthe one that 
glows under the 
control of the counter 
circuitry. Other types 
of digital display 
include light emiting 
diodes (LED), which 
use semi-conductor 
materials, and liquid 
crystals displays 
ILCD). 


filled valves called “Nixie” tubes, Each tube 
has a series of cathodes shaped to form the 
numbers 0 to 9 and an anode. Circuitry 
within the clock causes the appropriate num- 
bers to glow, displaying the time in digital 
form on a 12- or 24-hour basis. The div 
between hours and minutes (and between 
minutes and seconds, if seconds are included) 
can be either a neon lamp or simply shown by 
appropriate spacing of the tubes into groups. 
Similar types of displays are used on elec 
tronic counters, such as those used on geiger 
counters and eletrostatic photocopying 
machines [4] 

The latest method of time indication uses 
liquid crystal displays, In these, a liquid cry 
stal film is sandwiched between two parallel 
glass plates and there is a light source in front 
of or behind the display. When an electric 
field is applied to the plates the liquid 
becomes milky and different numbers can be 
formed. This type of display is used in some 
pocket calculators and digital watches, 

There are two ways of finding old coins. 
or something more valuable, buried in the 
ground. The traditional method is to dig. But 
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7 An intercom system 7 
has an interesting 
feature — the use of 

a single unit as 

both loudspeaker and 
microphone. A loud- 
speaker in shape and 
construction is de- 
signed to serve as 

8 microphone as well 
Inthe home, 
intercoms are 

often used as baby 
alarms while the 
parents, or babysitter 
watch television, In 
large houses, or even 
small ones where 
there are several 
levels, an intercom 
system can solve a 
number of communi 
cation problems. 


the modern way is to use a metal locator [2] 
It gives a clear audible signal when a metal 
object down to the size and weight of a coin is 
hidden just below the surface. Larger objects 
can be located at greater depths. 


Detecting thieves 
Robbery is becoming an increasing menace 
to modern industry and commerce, so the 
sophistication of anti-theft devices must keep 
pace. Electronics now play a dominant role in 
this field, with experts continuously devising 
new ways of preventing or detecting criminal 
acts, A jeweller’s shop [5], for example, may 
have ten or more electronic devices to thwart 
thieves. In addition to round-the-clock visual 
observation using closed-circuit television 
cameras, other anti-theft devices detect 
changes in air pressure, capacitance or vibra 
tion. An output from any one of these can 
sound an alarm at a nearby police station or 
at a private security organization. The radio 
signals to police cars ~ even transmitted 
images of signatures, fingerprints and pic 
tures of suspects — all make use of modern 
electronic devices. 


Audio units are a 
fast-growing pert of 
the domestic elec- 
tronics industry. 

This stereo music 
player incorporates a 
radio tuner, a cas. 
sette recorder and 

a record turntable. 
To make it into a 


5 Electronic anti- 
theft devices oper- 
ate by electrodes [1] 
attached to glass, 
detecting capacitance 
changes as the glass 
shatters. Changes in 
surrounding light are 
detected by a photo- 
transistor [2]. A safe 
and a wire beneath 

it form a capacitor 

[3] which is altered by 
intruders, activating 
the alarm, Contact 
devices [4] make or 
break circuits. A TV 
camera [5] is linked 
to a security display. 
An electromagnetic 
detector [6] sonses 
vibrations. A fan 
maintains low press. 
ure; as a door opens 
a pressure-sensitive 
diaphragm [7] detects 
pressure increase, An 
ultra-violet or infra 
red beam is reflec 
ted by mirrors on to a 
photoelectric cell [8]; 
the current generated 
changes when the 
beam is interrupted. 
The alarm is relayed 
to outside security 
guards [9], who inves- 
tigate, An auto-dialler 
[10] alerts a police 
station. The message 
relayed by radio [11] 
is received by 

a patrol car [12]. 


complote stereo sys: 
tem itis necessary 
to connect only a 
pair of loudspeaker 
enclosures. When 
dealing with a quad 


raphonic system, four 


speakers would be 
needed at equal dis- 
tance from the lis- 


ya 


6 A modern closed- 
circuit TV camera 
makes good use of 
miniaturized elec: 
tronic components 
and circuits. Its zoom 
lens [A] is worked 
electrically by smal! 
Motors, It uses in- 
tegrated circuits and 


tener. When an audio 
system is capable of 
reproducing sound 
very close to the 
original programme 
material, then the 
term high fidelity, 

(or “hi-fi") is used to 
describe it, rather 
than plain “audio” 


other components 
mounted on printed 
Circuit boards, which 
re located along the 
sides of the camera 
case for easy access 
and maintenance. As 
a result, the whole 
camera [B] is light, 
compact and portable 
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Automatic control 


In 1788 James Watt (1736-1819) applied his 
fly-ball governor to maintain the speed of a 
steam engine ~ it was probably the first 
mechanism specifically designed to act as a 
controller [Key]. Eighty years later James 
Clerk-Maxwell (1831-79) supplied the 
mathematical theory of the governor and laid 
the foundation for the modern science of 
automatic control, Today machines from 
household appliances to supersonic airliners 
are controlled automatically. The ultimate 
development would be a humanoid robot - 
an electronic and mechanical copy of a 
human being, But so complex are the work- 
ings of the human brain, and so subtle the 
ways in which it and various other organs 
control the living body, that even a primitive 
mechanical man is till only a dream. 


Open and closed loops 

There are the two basic categories of 
automatic control systems, the open and 
closed loops| 1], An open-loop system is one 
that does not involve any feedback. Feed- 
back is the routing of information from the 
output end of a device back to the chief 


1 With open-loop 1a 
control [A] there is no 
feedback from the sys- 
tem. If, in this hot 
water system, the valve 
is set to provide a 

flow of water at a par 
ticular temperaturi 

but incoming wat 
temperature or 
pressure varies late 
then output tempera. 
ture will vary. Ina 
closed-loop system 
[B] a link between the 
‘output temperature 
and the cold supply is 
sstablished, provid- 
ing feedback control 
and giving water at a 
steady temperature 


2 A refrigerant 
gas is compressed [1] 
and changed to liquid 
[2]. The valve {3} 
maintains pressure 
behind it but as soon 
as the gas passes 
the valve. pressure 
drops. The refriger: 
ant is well above its 
boiling point at the 

2 new pressure and so 


some vaporizes, cool- 
ing the interior to 
below freezing and 
eventually causing 
the thermostat [4] 

to switch off the 
compressor. Rising 
warm air later causes 
the thermostat to 
switch the compressor 
‘on again, so cooling 
the refrigerator 
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operating part to control its workings, There 
are dozens of domestic appliances with open- 
loop controls. These include automatic dish- 
washers, record changers and washing 
machines. They follow a pre-set “program” 
and perform a series of operations in an 
ordered sequence within a limited range 

In closed-loop automatic control systems 
there is negative feedback to bring conditions 
back to a stable state. An electric thermostat, 
for example, can detect the temperature pro- 
duced by an electric heating appliance and, 
when it reaches a pre-set upper value, cut off 
the current. Conversely, positive feedback 
leads to instability or oscillation, as when a 
pop group's microphones pick up the output 
from the loudspeakers and produce a 
screaming sound. 

The human body has some remarkable 
examples of biological feedback systems. To 
maintain conditions for the various life pro- 
cesses under the most favourable conditions 
the body. follows the principle known as 
homeostasis, This principle ensures that the 
Status quo is maintained in the organism -for 
example, the temperature of the human body 


3 


4 The principle ofan 4 
autopilot is basically 
similar to the 
automatic stearing of 
ships, but here 
gyroscopic sensors 
and their associated 
equipment are used 
to control the three 
variables in aircraft 
position: yaw, pitch 
and roll. Due to 
additional complexity 
of the overall system 
an airborne computer 
is used to activate 
servomotors, which 
bring about the cor- 
fection, Aradio or 
radar link to the com- 
puter allows control 
from the ground for 
automatic landings. 


rons control "roll 


Gyroscopic altitude 
SONS 
Computer 


St 


Elevators contro! “pitch 
Rudder controls "yaw 


Radio or radar receiver 
Servo motor tor rudder 


[5] is maintained within limits, despite varia- 
tions in the local environment. 

Tt was not until the twentieth century that 
feedback systems could be applied over the 
whole of industry. With the invention of the 
triode and other valves it became possible to 
amplify the tiny electronic signals provided 
by various types of transducers (devices that 
convert a physical property, such as tempera- 
ture, into an electric current), 


Transducers and servomechanisms 
Engineers are now able to design electronic 
circuits capable of detecting extremely small 
changes in the signals from transducers in 
domestic, industrial and medical equipment, 
These include changes in light intensity 
(automatic cameras), temperature (refrig- 
erators) [2], liquid flow (kidney machines), 
gas pressure (heart-lung machines), thick- 
ness (steel and paper mills) and colour (paint 
production). By amplifying and processing 
the error signals provided by transducers, 
and feeding back an amplified signal to ear- 
lier stages in the process, automatic control of 
the system is achieved, 
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3 A servo |2] coupled 
to a ship's gyro (1), 

can produce error sig. 
when the vessel 
deviates from a preset 
bearing, These sig- 
nals are passed to a 


aser. 
vo motor |4] driving a 
rotary/linear con. 


verter |5], This 
returns the rudder [6] 
to correct the devia- 
tion, As it turns 

lectromachanical 
back [7] returns 
the gyro and its servo 
toits original posi- 
tion thereby reducing 
the signal to zero. 


A servomechanism, like all feedback sys- 
tems, is concerned with automatic control. 
But the term is usually reserved to describe 
equipment in which control is maintained 
over the relative alignment of two remote 
shafts. Typical examples are radar-controlled 
guns or missile launchers, automatic steering 
of ships [3], autopilots [4] and numerically 
controlled machine tools. 

By using servos it is possible to detect 
small changes in the rotation of shafts. Like 
other types of electrical transducers servos 
provide error signals and these signals can be 
amplified and fed back to a servomotor to 
control shaft alignment. Much power 
amplification is needed to convert a tiny error 
signal into a voltage sufficient to drive a cor- 
recting device. The radar signal reflected 
from a target might be measured in micro- 
watts, whereas the power needed to move 
a gun turret can be measured in kilowatts 


Cybernetics and robots 

Unlike other scientific subjects, such as 
Physics or zoology, the science of cybernetics 
has no well-defined area of activity- it is con 
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8 There are three 
common ways of 
‘operating automatic 
doors: by actuating a 
pressure pad onthe 
Surface in front of the 
door [1]; by cutting a 
light beam located in a 
wall near the door 

[2]; or by actuating a 
wall-mounted manual 
pressure pad like a 
‘Switch [3]. There are 
various drive systems 
that power automatic 
doors; some are all- 
electric, some are 
electromechanical, 
others are pneumatic 
(air driven). Various 
door-opening actions 
are available: auto- 
matic slide, with or 
without manual swing- 
out side panels for 
use when the auto: 
doors are locked or 
turned off; single or 
double swing doors, 
and slide and swing 
combinations. Special 
Provisions must be 
made to comply with 
fire regulations, 


cerned with control and communication 
generally. Cybernetics includes in its scope 
both engineering and biological feedback 
systems and is derived from various aspects 
of mathematics, physiology, electrical and 
computer engineering and psychology. 

One practical application of cybernetics 
enables disabled people to control their own 
movements. One of the best-known workers 
in this new and socially useful area of activity 
is the British scientist Meredith Thring 
(1915- ), who has designed and built many 
prototype machines. These include a 
machine to carry a seated adult up a flight of 
stairs and a mobile seat for paralytics [6]. 

Robots have fascinated people since the 
dawn of engineering, But the full possibilities 
of robot design have had to wait for the 
comparatively recent introduction of tiny 
integrated circuits — like other machines, not- 
ably the computers, the efficiency of the 
robot is only as good as its human designer or 
programmer. Now many more machines and 
domestic appliances can be made to behave 
much more like robots and yet retain their 
familiar shapes and dimensions [7] 


5 Heat changes in 6 
the local environment 
arrive at the body’s 
hypothalamus, an 
area in the brain, Bio- 
logical feedback sig: 
nals trigger the ap- 
propriate response to 
maintain steady body 
temperature. If it be- 
comes hot, sweating 
begins, more blood 

is brought to the skin 
surface and muscle 


activity is reduced. If 
the body becomes too 
cold less blood 

flows to the skin 
surface, sweating is 


Suppressed and 
shivering starts. 


6 By using this 
mobile seat, designed 
and developed by 
Meredith Thring, 
paralytics can move 
around. The control 
devised to enable 
them to operate the 
seat despite their 
physical condition, 
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Designed by James 
Watt in 1788, this 
original fly-ball 
governor controlled 
the speed of a steam 
engine. The shaft [1] 
is driven by the 
steam engine, causing 
the revolving weights 
[2] to move outwards 
Under the action of 


centrifugal force. 


As they move the 
control linkage (3) 
gradually closes the 
steam valve |4] be- 
tween the boiler and 
the engine until a 
point of equilibrium 
is reached. If the 
engine speeds up for 
any reason the 
Weights move farther 
out, throttling back 


7 A robot lawn- 
mower is driven by a 
battery-powered 
motor [1]. The unit has 
a sensing coil [2] that 
locates a cable below 
the surface of the 
lawn, in a similar way 
to a metal locator. 

A steering motor [3] 
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9 An electronic tor- 
toise can even "teed 
itself, when its bat- 
teries run down, by 
plugging itself into 
the socket of a bat- 
tery charger and ri 
plenishing its cells. 
Features of this 
tronic animal include 


the steam and slowing 
down the engine [5]. 
As the weights move 
downwards and in- 
wards [6] the contro! 
linkage [7] gradually 


result is a working 
engine whose speed 
is largely indepen- 
dent of its load. 


is controlled by 
electronic circuitry 
50 that the lawn- 
mower is always dir- 
ectly above the cable. 
By placing the cable 
correctly the whole 
lawn can be cut and 
the mower returned 
to its starting-point. 


a sensor for locating 
the battery charger 
light beam [1]; pins 
to connect with the 
charger socket [2]; 
obstacle detector 
[3]; driving wheels 
(4); steering wheels 
15); and steering 
sensors (photocell) 


How computers work 


Most people regard the computer as an elec- 
tronic marvel, yet the principle on which it 
works is relatively simple. The heart of the 
computer is an arithmetic and logic unit 
(which adds, subtracts, multiplies, divides 
and compares numbers at high speed by elec- 
tronic means) and memory unit, in which 
many thousands of numbers can be electroni- 
cally stored and recalled on command. 


Programming the computer 

The use of the computer is based on the tech- 
nique known as programming ~ the conver- 
sion of the problem the computer is to solve, 
or the tasks it is to perform, into the simple 
steps the computer can carry out. A prog- 
rammer defines precisely what has to be done 
in each succeeding step, so that the computer 
can carry out what is, by this time, a series of 
simple operations. The value of the computer 
over the human being lies in its ability to 
work without error and at immense speed; it 
can carry out hundreds of thousands of 
calculations every second, storing inter- 
mediate results in its memory and recalling 
them instantly when required. The various 


3Thebinary system ? #cimal Binary 
is the simple secret o o 
behind the computer. —_ 

The paper tape [right] 4 q 
shows one method of = 

recording binary 2 16 
numbers (the centre 

row of holes is for 3 " 
tape transport) 

Binary works on the a 100 
same principle as the —= 
decimal system, but 5 101 
in ascending orders 

of 2 rather than 10, $ no 
Decimal units are 

counted up to 9 and 7 411 
then carried to the a pren 


“tens” columns where 
they are recorded 
1, but binary units 
are counted only up 


10 1010 
to1,Toaddanother = — 

1 (total, 2) the 1 is " 1011 
carried to the “twos 

column, indicating a 12 1100 

2. Thus 10 in binary = 

means one “2” plus 13 1101 

no "18" — total, 2. —— 

The third column in 14 1mo 

binary (signifying ARa 
hundreds” in deci 18 m 

mal calculation) is the 

“fours” column, thus 16 10000 


101=4+0+1=5, 
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instructions for the stages in the program are 
stored in numerical form in the computer 
memory for instant access as required. 

To program, for example, the multiplica- 
tion of 683 by 67 (an unwieldy sum for an 
amateur human mathematician, although 
much too simple to be worth feeding into a 
computer), the programmer would first 
reduce the number 67 to simpler compo- 
nents, probably as powers of ten, thus: 
67=(6% 10')+(7 x 10°). So 
becomes (6 x 10°) [(6 x 10") + (7x 10°] + 
(8x 10") [(6 x 10") + (7 x 10°)] + (3 x 10%) 
[(6 10") + (7x 10°)}. Doing a multiplica 
tion problem in this way means remembering 
the method and answers to each step. This is 
why the computer needs a memory. Also 
future operations can be made to depend on 
the result of the calculation so far ~thatis, the 
computer makes decisions. 


The binary system 

Ordinary, everyday calculations are carried 
out using the decimal system, with the num- 
bers 1 to 9 and 0. A computer can be 
designed to do the same but electronic 


1 Charles Babbage 2 
(1791-1871), an Eng- 
lish mathematician, 
was the first man to 
ize that if a ma- 
chine could be built to 
remember numbers 
and recognize simple 
arithmetic situations 
it could then be 
programmed to carry 
‘out complex calcu- 
lations automatically, 
His ingenious "Dif- 
ference Engine”, part 
of which is shown 
here, was able to 
compute complicated 
tables, although it 
lacked a memory. A 
later invention of 

his, resoundingly 
named the “Anal 
Engi would has 
been a true computer 
but was never com- 
pleted because the 
mechanical engineers 
of Babbage’s time 
were unable to meet 
the specifica- 

tions of his design. 


Electric pulse train 


engineers found that computers could be 
designed more simply using the binary 
system, which employs only two numbers - 0 
and 1. This system is simple because an elec 
tric current can be switched on and off, using 
“off” for O and “on” for 1. Because the 
binary system uses only these two numbers it 
contains many more digits than its decimal 
equivalent [3]. This makes calculations in 
binary extremely unwieldy for a human being 
but a computer “writes” numbers and calcu- 
lates so fast that the length of the numbers is 
of no importance 

The binary system also makes the 
memory much simpler to design. Most 
modern computers have a magnetic core 
memory [4]. Each core is a tiny magnetizable 
ferrite ring, usually about a millimetre 
(0.04in) in diameter, which can be mag- 
netized by passing an electric current through 
Wires inside it, The polarity of magnetism 
depends on the direction of the current, one 
direction standing for 0, the other for 1, A 
computer memory has thousands of these 
tiny cores and, provided groups of them have 
a specific “address”, numbers can be stored 


in one direction 
Indicating a “1”. 
Changing current 
direction reverses 
the polarity, thus 
indicating an “0” 
The third wire is the 
“read” wire. In fact 
the unit cell [B] of 
such a memory con 
tains two cores (one 
such pair is in the 


4 A computer mem- 
ory consists of ferrite 
cores threaded on 
address and read-out 
wires. Each core can 
be "written on” by 
passing simultaneous 
currents along the 
vertical and hori- 
zontal wires that 
intersect it [A]. This 
magnetizes the core 


aaaea 
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2 The electronic 
desk calculator is 
built on the lines 
of the modern com: 
puter. The numeric 
and function keys 
comprise its input 
device, the display 
and print-out facility 
giving its output 
Like the computer 
it contains an arith- 
metic unit and an 
electronic memory 
but the latter is 
fairly small, thus 
limiting the scope 
of the instrument to 
simple calculations. 
Calculator mem- 
ories vary widely. 


dark area) which differ 
only as do 
mirror-images. A 
typical array of cor 
might number 10,000, 
all identical, and all 
threaded on a 100 x 
100 matrix, each core 
being defined by its 
co-ordinates, A com: 
puter memory may 
contain many arrays. 


as collections of individual digits and recalled 
when required. 

The magnetic core memory is widely used 
because it is extremely fast and reliable, but it 
is only one of several kinds. A solid-state 
memory is even faster. The computer's own 
memory is often augmented by a slower 
backing store, of which magnetic tape and 
magnetic disc systems are the most widely 
used. These make possible the storage of a 
virtually unlimited quantity of information. 


The processing unit 

Because a computer cannot read more than 
one number at a time the basis of computer 
operation is an electronic “clock” producing 
an endless series of identical pulses - up to 
millions every second. In one type of com- 
puter, these pulses are switched on or off, one 
after another, to indicate the successive 
components of a binary number. So the 
binary number 100110 (which in decimal is 
expressed as 38) is read as "no pulse, pulse, 
pulse, no pulse, no pulse, pulse”, the unit 
digit being read first, as in all arithmetic 
calculations. Each number in a computer cir- 


5 A moden computer 
Installation consi 
of a number of inter- 
connected machines. 
Date can be fed into 
the system by various to “draw” designs on 
input devices such the face of a cath- 

a keyboard (røsem- ode ray tube. All 
bling a typewriter), the data passes to 

a punched-card the central proces- 


reader, a punched- 
tape reader and a 


Card punch 


cuit is thus a set of pulses, and to avoid confu- 
sion each set must have the same total 
number, If the full set, in this case, were 16 
pulses, the six-digit example would be com- 
pleted by ten more “no pulses". As each 
number is defined, it is stored at once in the 
memory cores where it stays until the next 
number (or series of numbers) is also stored 
and ready for use [Key] 

Once these numbers have been read in 
(automatically, controlled by the program), 
the computer can then be made to juggle with 
them in accordance with a program already 
stored in its memory. If two numbers in store 
are to be added a code number in the calcula- 
tion program (previously stored in another 
part of the memory) switches the computer 
Circuits so that the two numbers in store are 
fed together, pulse by pulse, into an adder 
circuit. The adder combines the incoming 
pulses and produces an output train of pulses 
that defines the added number. 

Despite their great flexibility of operation 
and application, all computers depend for 
their efficiency on the ability of the pro- 
grammer to reduce problems to simple terms 


Sor and is stored in 
its memory or, 
necessary, recorded 
in various back-up 


controlled by a pro 
gram, which also has 
to be fed in and 
stored. The central 
processor consults 


the program as nec- 
ones using magnetic essary to carry out 
discs or magnetic its various tasks, 


drums. The operation 
of the computer 


Information produced 
by the computer is 


Tape control unit Central processor, 


Control console, 


Line printer 


Key 
Input device 


Central processor 


Output device 


is a processing unit 
(essentially a high- 
‘speed calculator), 
which operates in 
conjunction with a 
memory unit. Data 
is fed into the com- 
puter by means of an 
input device which 
converts information 
and instructions 

into trains of elec- 
tronic pulses rep- 


presented on an out: 
put device, such as 
a card punch, paper 
tape punch or a vi 
ual display. Som 
displays have a cath- 
ode ray screen 

and some, called 
alpha-numeric dis- 
Plays, present infor. 


Disc contro! unit 


femory 


resenting numbers, 
This data is often 
fed in by means of 
punched cards or 
paper tape on which 
the position of the 
holes forms a code 
that the computer 
can “read”. Operators 
Prepare the cards on 
punching machines, 
Paper tape usually 
being punched on a 
special form of 
typewriter. When 


ion electronically 
as letters or numbers 
“written” on the 
screen. Printed in- 
formation, known as 
"hard copy", is pro- 
vided by some form 
of print-out device 
The most common 
a line printer, which 


more information is 
to be stored than can 
be accommodated 

in the computer's own 
memory this can be 
transferred to mag 
netic tape or disc. 
An output device 
converts the elec 
tronic pulses back 
into information that 
may be printed on 
paper, displayed on a 
screen or communi 
cated via other media. 


generates a whole 
line of typed copy 

at atime. Output 
information can also 
be provided on mag: 
netic tape, possibly 
for feeding into 
another computer or 
for controlling a 
typesetting machine. 
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What computers can do 


The essence of a computer is an arithmetic 
unit that performs calculations and an elec 
tronic “memory” that stores numbers, The 
computer solves every problem as a series of 
extremely simple steps, using the memory to 
store both the details of the program to be 
followed and the results of each intermediate 
step while the program is being carried out 
In practical terms there are two kinds of 
problems: those in which the power of the 
computer to carry out complex calculations 
at high speed is paramount and those in 
which its capacity to store immense quan: 
tities of information is more important, To 
solve either kind there must be a means of 
communication between man and machine 
Information is commonly fed into a com- 
puter using a device that resembles a type 
Writer, which produces a typed record of the 
fed-in data as a check. Its main purpose is to 
produce electronic signals -a binary number 
for each letter and numeral ~ that the com- 
puter can “read™. Alternatively it produces 


cither a punched paper tape or a series of 
punched cards, These are subsequently fed 
into a “reader” that generates the required 


electronic binary numbers. By means of the 
teletypewriter the operator can feed data and 
instructions into the computer using a 
predetermined “code” that the computer is 
programmed to understand 

There are other means of communicating 
with a computer. These include the use of 
magnetic printed characters [5]; an optical 
“reader” that scans ordinary printed type, 
passing the information to the computer 
which is programmed to “recognize” charac- 
ters and numerals and convert them into its 
own language of binary numbers; and a “light 
pen”, with which the operator can trace over 
a diagram on the screen of a cathode ray tube. 
with the computer programmed to process 
the diagram as required [1] 


Output devices in common use 

There are three principal output devices in 
commonuse, The line printer is a high-speed 
typewriter operated directly by the com- 
puter. Instead of typing one character at a 
time it prints a whole line simultaneously. A 
modem line printer can print 2000 lines a 
minute, each with 132 characters. 


1 A computer can be 
programmed to sim. 
ulate perspective, 
The girl traces the 
outline of an object 
with a light pen, 
The computer re 
the spatial relat 
ships of the object's 
shape in its memory. 


2 Various forms of 
accounting are the 
most common uses 
for computers. Bank 
ing, stock market 
transactions, wages 
control and tax ded 
uctions can all be 
done rapidly and ace 
urately by computer. 


The plotter is an automatic computer- 
controlled drawing instrument. An ink-filled 
Pen moves across the paper under the control 
of an appropriate computer program, to 
record in graphical form the output of the 
calculations [6] 

The visual display is a form of cathode ray 
tube (similar to that in a television set) on 
Whose screen the computer may produce 
either “written” messages or drawings. This 
type of output is used where the operator 
needs continuously updated information, but 
where a permanent record is not required 
The display has numerous special applica 
tions such as in airport control, engineering 
design [1] and in teaching machines [7] 

The computer's ability to calculate at high 
speed and store enormous quantities of 
information concisely and precisely is being 
applied to ever-widening fields of activity, In 
weather forecasting the main problem is to 
relate continually changing readings of 
temperature, humidity and barometric 
Pressure from numerous observation points 
and to build up a chart. If carried out manu: 
ally, the work can be completed only with 
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See aiso 


4 When an airline 
booking is made 
from a computer ter 
minal itis not only 
the seat availability 
that is checked 

for each section of 
a long-distance 
flight. The computer 
can also be program: 


med to offer alter 
native flights that 
have seat vacancies, 
h first makes a pro 
visional booking, then 
calculates the cost 
asks for payment, 
makes the appropriate 
entry inthe air 

line’s accounts and 


prints the ticket for 
the flight with all 
relevant details, As 
the flow chart shows 
there are a number 
of alternative 
paths in the pro- 
gram depending on 
the fulfilment of 
certain conditions 


ART 
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mos! 
% 


Ask Tor 


3 One of the prob- 
lems of space navi- 
gation is the need 

to make extremely 
complex calculations 
rapidly at short 
intervals. When a 
space-cratt travels 
tothe Moon its 
precise course 
depends onthe 
Earth's spin and 


orbit at launch, the 
craft's changing Å 
speed and the Moon's 

orbit. The modulehas — Ueuate 
to be taken out of i 
Earth orbit and into 

Moon orbit at precise 
moments and small 
errors must be 

corrected instently. 

Only the computer can 
calculate fast enough. 
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difficulty before new factors have developed 
to affect the forecast, A computer, suitably 
programmed, can accept new data as fast as it 
is received and can produce an up-to-date 
weather forecast chart in a matter of minutes 


Computers used in engineering 

The mathematics involved in the design of a 
modern long-span steel bridge is so compli 
cated that it takes a large team of engineers 
working with slide rules and tables several 
months to calculate the stresses and quan 
tities necessary in the evaluation of a design. 
Today a computer, fed with data by two or 


three engineers, can complete the calcula- 
tions in minutes ~ not only saving time but 
releasing experienced men for other work. A 
consulting engineer's computer can carry out 
the complex mathematics of reinforced and 
pre-stressed concrete design; it can 


so be 
programmed to specify the steel required for 
reinforcement and to print out the details for 
immediate use by the construction engineer 

In anti-missile defence, radar detects a 
missile a few minutes before its arrival, To 
destroy it a rocket must be fired, before the 


5 The oddly shaped units high. The fig 
on ures inline A 
cheques are printed below each magnetic 
inmagneticinkand numeral show the 
canbe read byacom: number of squares 
puter reader aswell filled with magnetic 
as by humans. The ink in each vertical 
meraisseen here column. The elec 
are designed seven tronic reader pro 
Units wide and nine duces a pulse whore 


missile is visible, so that the rocket will inter 

cept the missile. To calculate the trajectory of 
the missile from continuous radar data, and 
fire the anti-missile rocket with the correct 
direction and elevation within a few seconds, 
is possible only by using the computer. The 
computer's ability to carry out complicated 
mathematics at high speed is used in much 
the same way in space navigation [3] 


Applications of “memory” computers 
Memory" computers also have numerous 
applications. These include the maintenance 
of details of licensed vehicles and drivers 
world-wide airline booking [4]; recording of 
personal bank accounts on magnetic tape. 
including automatic print-out of monthly 
statements and provision of cash-drawing 
facilities [Key]; accounts of gas and elec 
telephone subscribers, 
including automatic preparation of quarterly 
invoices; and in factory stores accountin 
where the smooth running of a production 
line depends upon the availability of raw 
materials and every component part in the 
quantities required at the moment needed. 


tricity users and 


four or more squares 
are filled and no 
pulse where three or 
less are occupied, 
Each magnetic num. 
eral thus generates 
the binary numbers 
shown in line B 
This is the computer's, 
own language, 


6 The “contours” of 
equal light intensity 
in a lecture hall 

are seen here. They 
were drawn by an 
automatic plotter 
controlled by a com 
puter that was pro- 
grammed to calculate 
these contours from 
data defining the 
Position and power 
of the lamps that 
the architect pro- 
posed to install 

The "map" shows 
clearly where more 


| eg 


S94 0006336 0033393 0771144 
00010 o 11001) 


e 


light is needed and 
enables the engineer 
to correct the lighting 


7 Teaching machines 
are designed to 
involve the student, 
who must respond to 
each step in the 
lesson before it pro 
ceeds. In early days 
machines told the 
student only whether 
his answer toa 


question was right 
or wrong. Later 
machines worked 
‘on programs that 
gave the student an 
‘explanation when a 
wrong answer was 
given, before pro: 
ceeding with the 
lesson, The most 


plan accordingly, 


recent machines go 
further, They assess 
the student's per: 

formance and adapt 
the lesson to his po 
tential, relying ona 
mass of information 
and an ability to 

follow a complex 

branching program, 


8 When a book is 

to be printed the 
type is first set in 

a predetermined for 
mat that defines 

the width and length 
of each column 
While the modern 
typesetting machine 
aids the operator 

in maintaining 
column width and 


The bank cashpoint, 
widely used to save 
customers’ and bank 
clerks’ time, typi: 
fies the use of com 
puters in everyday 


8 


IA 


life. The customer 
inserts her personal 
card in the machine 
then presses buttons 
to “road in” her cash- 
point number and 


the sum of money shi 
wishes to withdraw. 
A central computer 
checks her balance 
before the machine 
dispenses bank-notes, 


B 


DONT a Ha 


inserts space auto: 
matically between 
words, itis the 
‘operator who must 
ensure that the rules 
of style are main. 
tained, These rules 
jay down the system 
of paragraphing, 
punctuation, capi- 
talization, the 

use of italic and 


The eco of a compune i an ane 
{unt that performs calla na mn eor 
compu sve very pronaren a Te o 
‘tera nl ping he ey 6 
Toome andthe reui ot enS termene. 
Step wiste the program being cammed ou 
In practical verons there are tee bin of 
problems’ those mshi the power othe 
Eomer 1 carry ou compart enelaone 
high speed paramount and theme ie 
‘hick capac ts sore immame qot 
Ties of inermaton n ore bo 
Solve ether Kind there ast be seam 9 
inmane ation between man and acho 
puter wung 4 eve Tha resembles ype 
tier which produce typed recond ote 
Tem data check. Nis a purpose » 
fe electrons sigah nary number 
puter can "rend Alternatively U produces 
Fabes punched paper tape or n tein of 
rosie are Tie ae tne ed 
sarrons Minoy monben. By eas othe 
\eletypewriter the permor ca eed data wnd 
[ratretions iota ‘smputer wing 8 
Propam une 
wits computer These Inde the se 9f 
appese pind character [5], an peal 
ender tha sam ordinary printed ype, 
psig the ilocnation tthe oong 
Shea rammed eng 
pag of nay numbers ad a bgt 
pan“. onh shih he operator cua ree ove! 
he comput programmed prose 


bold typefaces, and 
hyphenation. Com: 
puter typesetting 
eliminates most of 
the intellectual 
effort required 

The operator has 
only to type the 
copy accurately, the 
machine organizing 
the setting accord 
ing to its program 


It produces a coded 
proof, which is used 
by the proof-reader 
for checking errors 
in the usual way, 
corrections being fed 
into the computer 
before the type is 
set. The example 
shows the coded 
proof [A] and the 
finished print (8), 
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History of transport 


Transport is arguably man’s oldest tech- 
nology, predating both house building and 
agriculture. There is no reason to doubt that 
prehistoric men and women carried burdens 
in their hands, on their backs and on their 
heads, and the use of specially constructed 
litters, sleds and rollers for transport may also 
be much older than the generally accepted 
date of about 10,000 years ago. 


‘Water and rail transport 
The oldest artefacts that could be described 
as transport vehicles were crude boats of 
Prehistoric times; men progressed to the dug- 
Out canoe about 20,000 years ago. At the 
same time members of early civilizations in 
many parts of the world must have developed 
ways of building rafts of local materials, 
Rafts are still made in more or less the 
same way, using bundles of reeds, logs. 
grasses and other material, sometimes with 
added flotation from skin bags or sea-kelp 
bladders. From the raft, many peoples pro- 
gressed to making boats with built-up hulls, 
sometimes using a framework covered by 
skins or bark (eucalyptus bark was the 


470 


favourite in the countries of Australasia), 

About 5,000 years ago canals were being 
constructed, at first to link close river chan- 
nels and eventually to carry people and sup- 
plies over considerable distances. In much 
more recent times canals were dug 
throughout Britain and much of western 
Europe as primary transport routes, largely 
because of the inadequacy of roads. From 
1770 to 1840 canals were almost unchal- 
lenged in these areas as the means for the 
slow but cheap transport of a rapidly growing 
volume of manufactured goods. 

One great advantage of the canal was its 
ability to move very heavy loads for a min- 
imal expenditure of energy. Compared with 
the canal barge, no land vehicle could move 
such loads until the coming of railways. 

The first crude railways were used for 
commercial rather than private or passenger 
transport. Metal rails had been used in local 
works such as mines [9] since medieval times, 
but by about 1800 their use began to spread. 
By 1830 it had been realized that a uniform 
kind of track should be adopted and the two- 
rail system was introduced with smooth steel 


1 Tree trunks were 
probably man’s 


iest vehicles. More 


7 
to makg rafts and 
the precursors of 
the later kayaks, 
coracies and canoes. 


2 Egyptian 
date from c. 2500 BC. 


1s made 
from acacia, a tree 
yielding only short, 
irregular timbers, 


side of the stern, 


a 


America it comprised 

two poles joi 

man, a dog or a horse 
dragged 

along the ground. 


4 The chariot is 
illustrated on one 

of the tombs at 
Thebes (c. 1500 BC). 
Although the Egyp- 
tians never perfected 
the harness, they used 
many horse-drawn ve- 
hicles with wheels of 
spoked construction, 


5 The first hydro- 
gen balloon carried 
Jacques Charles 

and M. N. Robert from 


ember 1783 in under 
two hours, It looked 
like a modern balloon 
with a “boat” beneath, 


gated it from 
Trappes, making ti 
first powered cros 
country flight. Pr 
gress was delayed by 
lack of good engines. 


rails at agreed spacings and with flanges on 
the inner edges of the wheels. 

Like a canal, a railway could carry heavy 
loads with minimal resistance to motion. 
Competition between the two forms of trans- 
Port in many regions was intense, railways 
usually enjoying an advantage because of the 
ease of extension (branches and spurs could 
be built to serve almost every town) and 
because they were unrivalled in hilly areas. 
At the same time progress was made in the 
design and construction of roads, which in 
Europe until 1800 had been inferior to the 
roads built by the Romans. 


Transport by road 

In theory roads have always had an advan- 
tage over railways because of greater flexi- 
bility. They cost less to build, which means 
that a national road network can serve almost 
every factory and house. They can carry a 
wide range of vehicles up and down steep 
gradients, On the other hand, the resistance 
to motion is much greater than ona railway 
because the resistance of wheeled vehicles is 
dependent on the intensity of loading where 
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CONNECTIONS 


‘See siso 
Eariy technology 
Modern technology 
History ot bicycles 
History of motor 
cycles 

History of 
automooiies 
Locomotives 
Balloons, bimps 
and diigibies 
History of avreratt 


the wheels meet the fixed surface. With a 
railway this intensity is high and the surface 
smooth and regular. With a road the intensity 
is low and until quite recently the surface was 
irregular. Until late in the nineteenth century 
roads were marred by ruts, bumps and pot- 
holes, which not only slowed vehicles but 
often caused damage and even serious acci- 
dents. In many places it was accepted proce- 
dure to take coaches or goods carts to pieces 
and use teams of men to carry them over the 
worst sections of road surface. 


Mechanically powered vehicles 

All the earliest forms of propulsion had relied 
on natural forces such as wind and river cur- 
Tents or muscle power. By the early years of 
the nineteenth century mechanical power 
was being applied to move vehicles ~ at first 
steam engines in railway locomotives and 
ships. Then mechanically propelled road 
vehicles gained importance with the advent 
of the internal combustion engine after 1885. 
Motor cars multiplied in an amazing way, as 
did those convenient muscle-driven vehicles, 
bicycles, A key innovation with both of them 


“n 


was the introduction of pneumatic tyres. The 
replacement of the horse and horse-drawn 
carriage by the rubber-tyred car forced 
governments to build smooth, all-weather 
roads both within and between cities, 

Today's rail and road systems are more 
complex and many have automatic traffic- 
control systems involving computers, elec- 
tronic communication and display systems, as 
well as methods for dealing instantly with 
sudden demands or emergencies. 

There have also been several revolutions 
in marine transport. At one time merchant 
ships had to be equipped to fight off pirates. 
By 1800 many kinds of true cargo vessels 
were built and for 100 years they mon- 
opolized inter-continental transport. 

The newest form of transport, the aero- 
plane [11], swiftly supplanted the ship as the 
vehicle for long passenger journeys, while 
economies of scale led to a startling growth in 
the size of oil tankers, bulk carriers and other 
cargo ships. The pressure on shipping lines to 
reduce journey time has also been relieved 
because over short distances hydrofoils [8] 
and hovercraft travel four times faster. 


7 This river boat 
typifies hundreds 
that served US south- 
ern states in the 

19th century. Paddle- 
driven, often with a 
stern wheel, they 

had shallow draught 
andyet could 

carry heavy loads. 


8 The hydrofoil of V. 
Grunberg ran in 1934. 
Driven by tandem air 
propellers, it ha 
forward floats 
central submerged 

which was ad- 

justed automatically. 
it was 30 years be- 

fore the modern foil. 


11 The Wright Flyer 
Mi was an improved 


successful flight. 
The Wright brothers 


then added a light- 
weight petro! engine, 


12 Paul Cornu, the 


the first heavier- 
than-air machine to 
take off vertically 

in free flight. 


by a rope, his prim- 
itive helicopter 
rose 1.5m (5ft) on 


13 November 1907, but 


lacked stability. 


French inventor, made 


Tethered to the ground 


Key 


‘The Air Cushion a vehicle able to 
Landing ind on concrete, ice, 
(ACLS) enables air- transport pla crops, sand, 
craft to operate from helped to prov ror 


any kind of surface. concept. The result 


9 This wooden tram- 10 
way truck ran on 
wooden track in a 
German mine įc. 
1510) and is probably 
typical of an early 
form of railway 
transport By 
1670 wagons had 
flanged iron wheels. 


10 This Daimler car 
(1897) was built by 
the English Daimlor 
Co, formed initially in 
1893 to import cars 
from the factory in 
Germany. It had a 
two-cylinder engine 
and four forward 
and reverse speeds. 
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Sailing ships 


No one knows when or where man first 
invented the sail, but it was probably one of 
the earliest attempts at harnessing a natural 
force and putting it to work. The earliest evi- 
dence of sailing craft comes from Egypt and 
dates back to the third millennium BC. 
Ancient Egyptian ships [5] had single square 
sails spread by two wooden spars, a yard at 
the top and a boom at the foot; they could sail 
only downwind but since the wind in the Nile 
valley is nearly always from the north, this 
allowed them to sail upstream. Going down- 
stream did not require a sail. 


Sailing against the wind 
It was some time before man realized that 
sails could be made that would propel a ship 
against a wind — not directly into it, but at an 
angle of less than 90° — and it is only recently 
that the aerodynamics of such sails has been 
understood [1]. Another early breakthrough 
was the invention of the keel, a long plank 
running from stem to stern, from which the 
rest of the hull could be built up. 

The square-rigged ships of the Middle 
Ages could not sail much closer to the wind 


Wind 


1 Sailing against 2 “Wearing” is mak- 
the wind is possible ing a downwind turn, 
because the wind a method often used 


acting on a sail 
creates a lift [L] 

and a drag [D] 

These are equivalent 
to a driving force 


by square-rigged 
ships, such 


[F] and a lee- loses some ground 
way force [S]. to windward. 

5 Egyptian shipsof 6 The Roman grain 
¢. 1300 BC had a ships of the 2nd 
square sailandwere century AD had a 
steered by oars. The 

hull shape derived 


from reed boats. 


3 "Tacking” is turn- 
ing into and across 
the wind. This 


ground to windward 
than wearing, 


foresail, the arte- 


above the mainsail. 


than 90° and even the latest square-riggers 
cannot sail closer than about 70°. The “fore- 
and-aft” sail (in which the forward edge isse- 
cured to, and pivots around, a mast or stag), 
such as the Mediterranean lateen and the tri- 
angular Bermudan sail of modern yachts, can 
hold a course as close as 45° to the wind [4]. 

The fore-and-aft idea appears to have 
evolved in the Indian Ocean from the Egyp- 
tian square sail in the third century AD 
leading to the lateen sail of the Arab dhows 
and to the lug-sail of the Chinese junk. The 
square sail did, however, survive until the end 
of commercial sailing ships because it was 
more efficient than the fore-and-aft sail on 
long voyages with following winds 

The Romans improved on the Egyptian 
rig by adding the artemon (spritsail) and a 
triangular topsail (6), but as in the Egyptian 
ships before and the Viking ships later, steer- 
ing was done with an oar lashed near the 
stern, The Chinese, however, had known the 
axial rudder and the compass since about the 
first century AD. The former allowed better 
steering and was more robust than the steer- 
ing oar; the latter allowed navigation out of 


3 4 


4 Fore-and-att rigs 
are able to point 
much closer to the 


‘mon, and a topsail 


7 The shape of ships” 
hulls changed con- 
siderably between 
1400 and 1600. The 
nef of 1400 [A] was 
double-ended, with a 
“pointed” stern, and 


spired by Chinese 
junks) appeared with 


sight of land without fear of overcast skies 
hiding the stars, These discoveries reached 
Europe only in the later years of the eleventh 
century and had great consequences in the 
development of European seafaring. 


Development of ship and sail 
The multi-masted ship originated in China 
and the idea was brought to the West at the 
time of Marco Polo in the thirteenth century 
Before this time, vessels such as the single- 
masted double-ended cog had been used 
extensively for trade around Europe and the 
Mediterranean. By the end of the fifteenth 
century three-masted ships had become a 
common feature of European waters. The 
deep, broad carrack [7] was one such 
common trading vessel and the caravel was 
also developed at this time. Used mainly by 
the Portuguese, the caravel was a simpler and 
lighter vessel. It carried lateen sails (fore- 
and-aft) but sometimes the foremast was 
square-rigged 

The galleon [9], which appeared in the 
mid-sixteenth century, was a cross between 
the heavy carrack and the slim Venetian 


wind than square- 
rigs when tacking 


course to windward. 
After sailing the 
number of miles 


in a zigzagging 


the carrack [B] 8 Clinker [A] and 
(1450) and [C] (1465). carvel [B] built 
The fiat or transom hulls were charac- 
stern appeared teristic of North 
with the 1520 great European and Medi 


[D] whose hull 
also pierced for 
guns, Streamlining 
and bringing the fore- 
castle inboard pro- 
duced the galleon [E] 
(1545) and [F] (1587) 


large ships adopted 
the carvel build 
with the butting of 
planks end to end. 


CONNECTIONS 


PE 


= a 
MBL sioonng 


the fore-and-aft 


galley. Galleons had slimmer hull lines [7] 
than the carracks, a square stern where the 
carracks were “double-ended” and a fore- 
castle well inboard instead of hanging over 
the bow. 

The transition from the carrack to the gal- 
leon was the last big technological "jump" 
for sailing ships. The difference between a 
sixteenth-century galleon and a nineteenth- 
century packet ship, such as the Blackwall fri- 
gate, was one of detail although the perfor- 
mance of the latter was far superior. The 
gradual evolution since the early galleons 
involved an increase in the size and number 
of sails, and the introduction of fore-and-aft 
staysails between the masts and jibs in front 
of the foremast, 

From the mid-eighteenth century 
onwards, the Western sailing ship branched 
out in a variety of rigs, from two masts to six 
or even seven in the instance of a pure fore- 
and-aft schooner, the Thomas W. Lawson. 


The last of the sailing ships 
The fastest, the most beautiful and the most 
short-lived of the great sailing ships was the 


clipper [111]. She was developed in the 1820s 
in the USA, reached the height of her fame in 
the 1850s and 1860s and by the end of the 
century was obsolete. 

‘The clipper was built primarily for speed. 
She was slim and light, with a limited cargo 
space, and carried an enormous area of 
canvas, She fulfilled a variety of needs. The 
Californian and Australian gold rushes (1849 
and 1851), the China tea trade and, from the 
1870s, the trade in wool and grain from 
Australia were all served by clippers, The 
competition between ships’ companies in the 
race to make fast passages and high profits 
produced crews of the highest quality 

Such factors as steamships, the opening of 
the Suez Canal and the transcontinental rail- 
ways made the clippers obsolete. They were 
replaced by larger windjammers that were 
built of steel and where cargo-carrying 
capacity and labour-saving devices were 
given precedence over speed. Despite their 
much greater tonnage (up to 5,800 tonnes) 
they did not require larger crews than the 
clippers. Even these ships were eventually 
killed by steamship competition. 


s cabin! 


10 The Dutch East 
Indiaman (1720) was 
larger than tho 
Golden Hind, but of 
the same basic pi 
tern, Two new sai 
appear: the spri 
sail topsail and the 
mizzen topsail. 

These heavily armed 
and extremely robust 
merchant ships 
could be used 

as men-of-war 


13 The barkentine 
(19th-20th century) 
has three masts with 
a square rig only on 
the foremast, thus 
ducing crew size and 
hence running costs. 


Joner deck 


pee 
[ Stee came 


Gundeek 


n 11 The clipper of 
the mid-19th century 
was a particularly 
efficient sailing 

ip. its phenomenal 

ed made trading 

between Australi 

China, USA and 

jin much more 

economical. The 
name clipper came 
from the way the 
ships could “clip 
off” the miles. 


14 The brig (18th 
20th century), a com- 
mon coastal craft, 

has two masts, both 
of them square: 
rigged, and fore- 
and-aft staysails, 


Sailmaker 


Key 
The sails of the 3- 
masted, fully square 
rigged ship are fore 
skysail [1]. fore 

royal (2), fore top- 
gallant sail [3], 


fore topsail (4), 
foresail [5], main 
skysail [6], mai 
[7], main top- 
lant sail [8], 
main topsail (9), 


15 The 
(18th-20th century) 
two masts with 


on the mainmast. 


mainsail [10], miz- 
zen skysail [11], 
mizzen royal (12), 


spanker (15), stud: 
ding sails [16], 
‘outer jib [17], in- 


n topgallant ner jib [18], fore 

i [13], mizzen staysail |19), 

topsail [14], and staysaits [20]. 
9 Drake's Golden 
Hind was a medium- 


sized Elizabethan 
galleon, Her deck 
was about 28m 
(90ft) long. The 

rig consisted of the 
square bowsprit 
sail, 2 square sails 
on the foremast and 
2 on the mainmast 
and a lateen on the 
mizzen. The hull wa 
characterized by 
slim underbody, 
projecting head 
(derived from the 
galley’s ram), a 
forecastie forming 
an integral part of 
the hull and a tran- 
with a 


Crow's toilet (head 


Steering was done 
with a whipstatf 

(the whee! only ap- 
peared during the 
18th century). Ther 
were 2 full-length 
docks, Such ships 
were used both for 
war and commerce. 


12 The four-masted 
steel barks of the 
late 19th century 
were built of stee! 
and they carrie 
manufactured goods, 
grain and nitrates 
round the world, 
‘Their attermasts 

had no yards. The 


16 The topsail schoo- 
ner (18th-20th cen- 
tury) is a fore-and- 


aft rigged vessel 
with one or more 

century and steel square topsails set 

hulls in the 1870s. on the foremast. 
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Modern ships 


Ships have changed vastly since the first iron- 
hulled steamer powered by a screw propeller, 
the Great Britain |1}, crossed the Atlantic in 
1843, Towards the end of the nineteenth cen- 
tury, iron gave way to steel as the standard 
material for hulls and sail-power declined in 
usefulness. At first indispensable as an aux- 
iliary to the carly crude steam engines, sail 
Was ousted as steam machinery became more 
reliable, By 1918 there were very few sailing 
ships trading on main ocean routes 


Types of shipping 
Since the introduction of steam there have 
always been three main divisions of non- 
naval shipping: passenger-carriers, cargo- 
carriers (merchant ships) and service craft 
The largest passenger-carriers are ocean 
liners, particularly the North Atlantic record- 
breakers of the twentieth century. Competi- 
tion from cheap and speedy air travel has 
driven big passenger liners out of business. 
But they survive as cruise liners, carrying 
holiday-makers to foreign ports instead of 
travellers on scheduled routes. Many famous 
liners have ended their careers by becoming 


1 Thefirstiron 2 The Lusitaniawas 
screwsteamship,the torpedoed in 1915 by 
SS Great Britain a German U-boat with 
(1843), wasnotanim- the lossof 1,198 


| lives. Introduced in 


but showed 1907, she helped to 
thatiron ships ‘establish the Parsons: 
could carry more m turbine a 
cargo more safely means of propulsion 
than wooden ones, for big, fastliners. 
4 


y; i 
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cruise liners and now specially designed ships 
[11] cater for the packaged holiday market. 
“Short sea” passenger ships and ferries have 
Proved far more resilient in meeting the 
competition from air travel. Improvements in 
ship design have enabled road vehicles to 
drive on and off a ferry [10], allowing faster 
turnaround and reducing labour costs. 

The passenger liner was once the largest 
type of non-naval ship, but since the 1950s it 
has been surpassed by the oil tanker [6]. As 
world consumption of petroleum products 
has risen, so has demand for tankers, 
Individual ships have increased in size from 
an average of about 50,000 tonnes dead- 
weight in 1955 to 550,000 tonnes in 1980 
(deadweight is the carrying capacity of a ship, 
including cargo, ballast, fuel, water. crew and 
Passengers), The “supertanker” is relatively 
slow but can be operated by a small crew and 
it is the most economical way of shipping 
crude oil. The growth in size is likely to be 
limited only by safety factors and the risk of 
pollution from accidental spillage 

The cargo-carrying ship is still the main- 
Stay of world trade, but here too there has 


3 Production line 

assembly of giant in small sections 

oil tankers 12), coated [3] and 
carried out in moved to the dock- 
dry-dock shipyards side to be assembled 


like the extensive 
Mitsubishi yards at 
Koyagl in Japan [A]. 
Treated steel 

plate is cut to 


4 The Lanka Devi is 
a conventional cargo 
ship of a type still 
fairly widely used 
She can load or 
unload with her own 
derricks if cranes 

e not available 
on the dockside. 
Through the Lanka 
Devi has 
‘machinory placed 
amidshi 


into sections which 
can weigh up to 600 
tonnes. Powerful 
gantry cranes [B] 

are usedto lift 


a 
A 


cargo vessels is 
forthe bridge 
superstructure and 
the propulsion unit 
tobe positioned 
he! 


5 A container ship 
like the Encounter 
Bay must use special 


her 1,500 containers, 
each measuring 36 
cubic metres (1,280 
cubic feet), Unload- 
ing [Aland loading 
[B] can becarried 
out simultaneo 
Like most contain 
ships, the Encounter 
Bayhasahigh 
freeboard and an 
unobstructed deck, 
allowing cont 
tobe stacked t 
Bigger ships can 
carry up to 3,000 
containers, close: 
packed because they 
area standard size 


ly. 


been a striking expansion in size. In order to 
Save on operating costs, bulk-carriers hand- 
ling dry cargoes of iron ore, grain or coal have 
grown to deadweights of more than 100,000 
tonnes. Some are equipped to unload their 
‘own cargo, but carriers of grain, salt and coal, 
for example. still need dockside facilities 

The most important development in 
cargo-handling is the container ship [5]. 
which loads cargo in prepacked, weathertight 
containers by means of special dockside 
cranes. The main advantage is that time in 
port is reduced and containers are easily 
handled by an integrated road or rail system 
Loading and unloading of diverse cargoes, 
with its risk of damage and theft, is elimi- 
nated, The disadvantage is that container 
ships can operate only on fixed routes with 
specially equipped terminals, and in this 
respect they suffer from the same limitations 
as the old transatlantic liners 


Smaller vessels 
A few general-purpose cargo vessels still 
tramp” from port to port seeking any cargo 
they can find. Or their owners allow the 


ach section into a 
990m (3,246ft) dry 
dock where they 

are welded togethi 


treatment shop |4), 


St isbuiltupina 

stern and bow pocket dock to be 
jandled on another added as the ship is 
‘assembly line. The slidto the seaward 


‘end of the main dock, 


CONNECTIONS 


See also 


done afloat, 


at Koyagi build the 
500,000-tonne super 
tankers needed to 
meet world demands 


biggest tan 
building industry 


whole vessel to be chartered for a single 
cargo. like a conventional cargo vessel [4] 
Now it operates on routes where container 
ships would be too costly, or it 
"feeder" to container routes. The “reefer 

or refrigerated cargo liner, also remains 
important because it handles perishable car 
goes such as fruit and meat, Smaller coasters 
and coastal oil tankers. which trans-ship 
cargo between ports, act as vital links both as 


cts as a 


distributors of cargo to lesser ports and as 
feeders to the major ports and container 
terminals. Roll-on/roll-off ships are used to 


carry truck trailers and low-loaders from 
point to point. Another variant is the LASH, 
or Lighter Aboard Ship concept, with barges 
or lighters hoisted aboard a large ship. After 
being dropped at the mouth of a river, the 
barges are towed upriver without any trans- 
shipment of cargo, as with containers 
Shipping could not function without a 
host of service craft, Foremost among these is 
the tug [9]. which exists primarily to man- 
oeuvre larger ships in confined waters. Tug 
are also used to salvage damaged ships on the 
high seas and to fight fires. and special 


8 Designed for a 
dual role as trans- 
atlanticliner and 
asa cruise liner 
during the unprofit 
able winter months, 
the Queen Elizabeth 
(has been a 
notable success, 
The QE2 is much 
smallerthan the 
two previous Cunard 
Queens”. Butthe 
‘end of competition 
between passenger 
lines for trans 
atlantic speed 
records has allowed 
‘emphasis tobe 
placed on better 


9 Tugshave grown 
insize and power 
tohandle bigger 
ships, The Stack 
garth, built in 1959, 
\sadiesel-engined 
ocean tug, equipped 
to salvage disabled 
vessels and for 


facilities, fire-fighting in 
especially for lower addition to 
fare passengers. normal towage work 


pusher” tugs handle barges on rivers and 
canals. Dredgers keep the channels in har- 
bours and estuaries open to deep-sea ship- 
ping. and a variety of small craft are emp: 
loyed on pilotage and maintenance of buoys 
and other navigational aids, 


Marine engines 

The main propulsion systems of ships are 
either diesel or steam engines, driving screw 
propellers. Diesel engines are favoured for 
their simplicity and economy, and they have 
steadily driven out the one-time workhorse, 
the vertical triple-expansion steam engine 
Larger ships requiring high speeds rely on 
steam turbines. The new container ships and 
bulk-curriers designed for fast running have 
drawn for the first time on naval experience 
with high-speed steam propulsion, Gas tur- 
bines have been used in a few vessels and are 
beginning to be proved cheap 
and reliable. Nuclear power, however, is as 
yet, still uneconomical, and the very 
small number of nuclear-powered merchant 
ships is not likely to increase until a chea 
compact reactor plant becomes available 


6 Rising world pro- 
duction of bigger 
ships [B] has been 
aided by changes in 
shipbuilding tech. 
niques, The tradi 
tional method of 
building upcompon- 
ents around a koel 
laid on a slipway 
meantthat bad 
weather held up work 
Ships can now be 
builtin sections 
under cover with com 
pleted sections being 
pushed farther out 
into the slipway [A]. 


7 Traditionally, big 
ships are launched 
stern first [A] 
Anelectric 

launch trigger [B] 
releases the ship 
and allows itto 
Move under its own 
weight, Once inthe 
water, the ship is 
held and swung side- 
ways by drag chains 
IC]. Shios canbe 
launched sideways 
fromyards on narrow 
rivers [D] although 
this produces 

severe rolling. 
Modern shipyards 
often have dry 

docks below sea 
level which are 
simply flooded when 
the ship hasbeen 
completed and is 
ready for launching 


Port au 


Starboard sia; 


Terms used on ships 
include the fol- 
lowing: Ahead in 
advance of the bows, 
Amidships Near 
the middle of the 
ship's length. 
Astern Behind the 
ship. Athwartships 
From one side of the 
ship to the other. 
Beam Greatest 
breadth of the ship. 
Boot-topping Paint 
on hull between load 


line and water-line 
when ship is empty. 
Bows Foremost part 
Draught Depth to 
which ship sinks in 
the water, Forward 
Towards the bows, 
Freeboard Distance 
from main deck to 
waterline. Lee side 
sheltered from the 
wind. Port Loft side 
looking forwards. 
Quarter Direction 
between stern and 


beam. Rake Slope of 
funnel, masts or 
stem. Sheer Fore-and 
aft curve of a hull 
rising towards bow 
and stern, Starboard 
Right-hand side 
looking forwards 
Topsides Outer sur- 
face of vessel above 
water-ling. Trim The 
way a vessel sits in 
the water. Windward 
Direction from 
which wind is blowing 


3 -_ 7 


10 Atypical modern 
passenger ferry, the 
Free Enterprise IV, 
uses bow and stern 
loading doors to 
carry vehicles 
between England 
and France 


11 Cruise liners such 
asthe Spiritof 
London, which began 
service in 1974, 

have special sports 
and entertainment 
facilities for 
holiday-makers, 
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Hydrofoils and air-cushion vehicles 


Hydrofoils and air-cushion vehicles [Key] are 
machines that reflect today's demand for gre- 
ater speed and flexibility in transport. In 
common with aeroplanes and helicopters 
these craft use energy for both upward and 
forward motion. A hydrofoil's hull is raised 
out of the water to reduce drag (friction) and 
thus enable it to travel faster than a conven- 
tional ship. An air-cushion vehicle (ACV) 
lifts itself in order to become independent of 
the surface over which it travels, which can be 
water, snow, marsh or sand. Today, each type 
of vehicle has a different use 


Hydrofoils and their uses 
The first hydrofoils were built at the begin- 
ning of the twentieth century. Designers 
calculated that a sea wing (a lifting plane 
designed for running through water) [2] 
could be made much smaller than an air wing 
capable of generating the same lift force 
Early experiments used foils stacked in the 
form of “ladders” [1A] so that, as the craft 
accelerated and lifted, fewer foils remained 
in the water. 

By 1940 the more efficient surface- 


Piercing foil [IC] had become preferred. In 
this type of hydrofoil a large foil slopes up on 
each side of the centre line, looking from the 
front like a V with the tips emerging from the 
water. These foils provide built-in stability in 
banked turns or through waves, 

Most modern hydrofoils are of this type, 
although two other designs are also current. 
Many Soviet hydrofoils have depth-effect 
foils [1B], which stabilize automatically an 
inch or so below the surface of the water. 
They are ideal for use on shallow draught 
vessels for inland waterways but are useless in 
a rough seu. For this application, submerged 
foils [1D] are the best solution and these are 
the type used on most high-speed military 
hydrofoils, Small foils run deep in the water, 
supporting the vessel on streamlined struts, 
‘The angle of the foil can be varied by an 
autopilot, enabling the craft to run true even 
in heavy seas. 

Most hydrofoil are fairly small, few civil 
types reaching 150 tonnes and the largest 
military version being 320 tonnes. Asinshore 
ferries they can travel at high speeds without 
damaging river banks or disturbing smaller 


craft with their wash, and they give a smooth 
ride across choppy water. Naval hydrofoils 
provide manoeuvrable platforms for guns, 
missiles and anti-submarine search and 
attack systems. At slow speeds, a hydrofoil 
behaves like a conventional ship and floats 
with its hull in the water. Control remains 
precise and the craft can ride out storms. 


The story of the hovercraft 

A hydrofoil is restricted to water and at low 
speeds needs deep water to float in. By con- 
trast, a hovercraft - the most common kind of 
air-cushion vehicle (ACV) ~ is able to go 
practically anywhere. 

In the nineteenth century engineers such 
as John Thornycroft (1843-1928) tried to 
reduce drag by pumping bubbles out of holes 
in a ship's hull. Later ACV developments 
sprang from the experimental work in the 
1950s of Christopher Cockerell (1910- ), 
who realized that some sort of “curtain” to 
contain the air cushion under the vehicle was 
essential to provide sufficient lift within the 
practical limits imposed by engine size 

Modern ACVs ride on a single bubble or 


1 Almost all hydro- 
foils belong to one 
of four classes, 
Ladder foils [A] 
‘emerge progres 
from the water 
speed is incre 
Depth-effect foils 
18B] are suited to 
shallow water with. 
out waves. Surface. 


ively 


generate enough lift 


piercing foils [C] 

are the most common 
form for passenger 
hydrofoils, while sub- 
merged foils [D] are 
preferred for rough 
seas. The foils are 
adjustable and their 
angle is controlled 

by an autopilot, 


4 The first full- 
scale hydrofoil was 

built in 1906 by 

Enrico Forlanini 
(1848-1930). Lifted 

on three sets of 5 
ladder foils and 
propelled by front 
and rear air screws, 
it successfully ran 

at 71km/h (44mph). 
In 1918 a foil boat 
built by Alexander 
Graham Bell (1847- 
1922) reached 
114km/h (71mph), 
Commercial develop- 
ment of the hydrofoil 
began in the 1930s. 
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3 Propulsion poses 
problems because 
hydratoil's screw 
lower than the engine, 
The sloping drive [A] 
is simplest but the 
thrust acts at a sharp 
angle. The Z drive 
[Blis best for deeply 
submerged foils, but 


5 The Swiss surface: 
piercing hydrofoil 
known as the PT 150- 
DC is one of the 
largest afloat. It is 
37.9m (124ft) long 
overall with a max. 
imum beam of 7.5m 


400km (248 miles) 
The vessel has air 
conditioning and 
heating which main. 
tains the cabin temp- 
erature between 20 
and 25°C (68-77'F). 
In addition to the 


(25ft) and car surface-piercing 
carry 250 passengers front foil there is 
at upto 67.5km/h an air-stabilized 
(42mph) for submerged rear foil 


CONNECTIONS 
See aiso 


Mowing heavy toad 
Raadwaya ot the 
i 


y of transport 
How an werorsane 


out of the water, 
thus reducing drag 


requires two sets of 
bevel gears. The V 
form [C] is general on 
surface-piercing foil 
boats, An alternative 
is to use the engine 
to drive a pump, 
which squirts a wat 
jet out at the stern 
to provide thrust 


1 Radars 

2 Literatt 

3 Front toil 

4 Rear foil 

5 Propeller 

6 Two 3,400hp diosol 
engines 

7 Bridge 


Twin propeliers are 
sited below the rear 

foil, There are four 
passenger saloons, 
two on the main deck 

id two on the lower, 
and passengers can be 
served with drinks 

and refreshments in 
their seats, The Malmo- 
Copenhagen ferry uses 
a PT 150DC hydrofoil. 


cushion of air blown by fans through slots or 
jets round the underside of the hull [6]. The 
main part of the hull serves as a buoyancy 
tank, enabling a water-borne ACV to float 
when the lifting power is switched off. Air 
pumped by the lift fans raises the ACV on a 
cushion of slightly pressurized air, which 
leaks away round the edges at the same rate 
as it is fed in. The propulsion and lift systems 
may be driven either by one power plant or 
by separate units. 

Early ACVs had flat undersides and day- 
light was visible beneath them when they 
were operating, although clearance was often 
only a few inches, To improve their perfor- 
mance over waves and other obstacles, later 
ACV were fitted with flexible skirts [7] 
These skirts contain the cushion of air but 
pass easily over obstructions. This facility 
makes them truly amphibious and they can 
operate equally well in or out of water 
Unlike hydrofoils they are not limited in size 
and large passenger-carrying craft and car 
ferries are being used. Various types of 
propulsion and steering systems have been 
tried [8], some combining both functions. 


8 ACV propulsion 
and steering is otten 
by swivelling propel. 
ters [A]. To reduce 

noise and dangor 
ducted fans IB] may 
be used, or the propul- 
sive jets may be pro- 
vided by the same 
fans that inflate the 


cushion [C]. Like the 
fast hydrofoil, the sea: 
going ACV may be 
propelled by water 
jets [D]. Unless the 
propulsion system 
swivels, deflectors 

or rudders are needed 
to control the craft 

at speed or at rest, 


9 The first commercial 
hovercraft [A], SR-N1 
(1959) was initially 
powered by a 450hp 
piston engine driving 

a fan, which fed the 
cushion as well as con- 
trol propultion ducts 
on each side. SR-N1 
was later fitted with a 
skirt and a jet engine 
for high speeds, The 


Early optimism about the future of the 
ACV was not borne out by subsequent 
development. The craft has not yet shown 
itself to be completely economical for 
commercial use, probably because today's 
vehicles are too small 


Other uses of ACVs 
Apart from conventional passenger transport 
ACVs have proved their value in the military 
sphere and the principle of the air cushion has 
been applied successfully to other modes of 
transport. The ACV system can be used on a 
train running over a smooth track, the air 
cushion reducing friction while propulsion is 
obtained from ducted fans or linear induction 
motors. As heavy load carriers ACVs are able 
to transport machinery weighing 500 tonnes 
over surfaces that could not possibly be 
traversed by wheeled or tracked vehicles. 
Air-cushion pallets for industrial use are easy 
to move and reduce strain on floor surfaces. 
The ACV principle has also been used in the 
design of hospital beds to lessen the discom- 
fort of patients suffering from burns and for a 
‘land-anywhere™ aeroplane. 


Hydrotoils and air- 
cushion vehicles are 
lifted and supported 
by the expenditure of 
energy ~ unlike wator 
borne ships or land 
vehicles resting on 
wheels. A hydrofoil 
[Al lifts itself to 


reduce drag, so as 
to run at high speed 
and travel smoothly 
across rough water 
Ahovercratt |B) does 
the same, but has 
the ability to trav 
erse almost any kind 
of surface, including 


swamps, mud, river 
rapids and ice. The 
skirt fitted to amphi- 
bious hovercraft 
helps retain the sup- 
porting air cushion 
and lifts the rigid 
structure higher 
above the surface. 


6 Thore are four 
basic types of ACV, 
each with a central 
lift fan. The simple 
“plenum chamber” 
JA] blows in air which 
escapes beneath the 
downturned edges. 
The periphoral jet 

|B] blows air inwards 
from a surrounding 
slit. With a skirt 

{CI the rigid body 

is raised above waves 
and solid obstructions. 
ACVs designed 
solely for use over 
water have side walls 
1D], saving lift 

power but adding 
extra water drag. 


7 The skirt of an 
amphibious ACV is 
made of tough, rub. 
berized fabric to with- 
stand heavy wear 

Air inflates the inner 
and outer walls, escap- 
ing through inward 


facing ducts or "fin. 
gers”. These inflate 
the main cushion, 
They are designed 
for quick and easy re- 
placement, since they 
are the parts most 
likely to be damaged. 


VTI |B] was a large 
commercial ACV 

built in 1969 by Vos: 
per Thornycroft. 
Designed to carry 10 
cars and 146 passen- 
gers, it was propelled 
by water screws, yet 
had a skirt and could 
run out of the water 
up a slipway for load. 
ing. This design com: 
bined advantages of 
high speed with econ- 
omy and low noise 
levels. Subsequent 
civil and military 
versions of the VTI 
were fitted with a new 
propulsion system, 
the water screws be- 
ing replaced by large 
ducted air propellers. 
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Submarines and submersibles 


The invention of the submarine is usually cre- 
dited to an Englishman, William Bourne. In 
1578 he described a vessel that could take on 
and expel water to vary its buoyancy and that 
used a snorkel-like tube for its air supply 
There is no evidence that Bourne's craft ever 
sailed and the first submarine was probably a 
leather-covered rowing boat built by a Dutch 
engineer Cornelius van Drebbel (1572- 
1634), in about 1620. According to the 
British chemist Robert Boyle such a boat 
took King James 1 (1566-1625) for a ride 
beneath the River Thames and even had 
some kind of “liquor” for renewing the air 
inside. Unfortunately no drawings or detail 
of this remarkable craft have survived. 


Submarines in wartime 

The Turtle [Key], a one-man submarine 
invented in 1776 by an American, David 
Bushnell (c. 1742-1824), was the first under 
water vessel to be used in war. It pioneered 
two essential features of the modern sub- 
marine ~ a closed hull and screw propulsion, 
although the latter was worked by hand, But 
two further developments were necessary 


1 Anuclear sub- 1 
marine is a deadly 
weapon on an unpre- 
cedented scale, Each 
of its 16 guided 
missiles can carry 

up to 10 separate 
nuclear warheads, 
each sufficient to 
destroy a city. It 

need not surface and 
can fire its missiles 
from beneath the sea, 
thus remaining invul. 
nerable. The USA and 
the USSR each 
possess more than 
100 nuclear sub. 
marines, Air-con: 
ditioned (for the elec 


the crew), they 
can travel 644,000km, 
(400,000 mites) with- 
out refuelling. 

Th 

powers a steam 
turbine that drives 
the propellers 
directly or by means 
of an electric 
generator and motors. 


Propelior 


2 Locating submerged Navy, is now called 
Submarines trom a sonar, Submarines 
or locating sur- can be located using 
jssels from sonar buoys, which 
submarine, is achiev- transmit signals 

ed by listening for back to a nearby 
echoes of supersonic mother ship, or by 
sound pulses trans. using a “dunking” 
mitted through water. sonar suspended from 
The system, origin: a helicopter and dip- 
ally called ASDIC ped just below the 
bythe British Royal surface of the water. 
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Crow's | 


before the submarine could become an effec- 
tive fighting machine: a good undersea 
weapon and a source of power. 

The Confederate navy used submarines 
during the American Civil War. Small craft 
known as Davids ~ named after the biblical 
David who vanquished the giant Goliath - 
were each armed with an explosive charge at 
the end of a long spar and powered by hand 
or steam. In 1864, a David, the Hunley, 
rammed the Union ship Housatonic off Char- 
leston harbour; both vessels sank and the 
crew of the Hunley were killed. A self- 
Propelled torpedo was also invented. 

By the turn of the century the American 
inventor John P. Holland (1840-1914) was 
designing submarines powered by petrol 
engines. Holland's vessels were the first 
modern submarines and contained all the 
basic features of those that fought in both 
world wars, German submarines (U-boats) 
during World War I were highly effective as 
raiders of unarmed merchant ships, thereby 
threatening to cut Britain's vital supply lines 
In World War TI submarines took a toll of 
warships as well [6] 


Attack center 


Engine 


3 The torpedo, in: 
vented by Austrian 
engineer, G. Luppis 
in 1864 and developed 
by Robert Whitehead 
(1823-1905), made 
the submarine into 
an effective fighting 
force. It is fired 

from a tube inside 


the submarine. Tor. 
pedo att 
chant shipping, as 
shown here, were 
Successful in both 
world wars, but the 
torpedo is now primar. 
ily an anti-submarine 
weapon. Accurate 
Positioning is no 


Nucloor 
reactor | 


The effectiveness of the submarine 
temained limited by the slowness and short 
duration of undersea travel when vessels 
depended on electric motors powered by bat- 
teries. The batteries soon became exhausted 
and submarines had to surface frequently to 
obtain air for the diesel engines and recharge 
the batteries (through a dynamo driven by 
the engines). The diesel engines were also 
used for surface propulsion. In World War IT 
a snorkel tube was developed to supply air to 
the diesel engines, which could be run just 
below the surface. This helped the submarine 
to escape detection. 


How submarines work 

Part of a submarine’s hull is double-skinned 
Water admitted into ballast tanks in the hull 
lowers the buoyancy of the vessel; diving 
planes on the sides of the hull control the 
angle at which the vessel sinks and level it 
out, Buoyancy is restored by expelling the 
water from the ballast tanks with compressed 
air. The central structure - the conning tower 
or sail — contains a periscope, radio and radar 
aerials and a snorkel tube. Tracking of an 


| Bridge 


Galley 


Control room 
Periscope room 


Crow's moss | | Batteries 


longer necessary, 
modern torpedoes 
home in on their tar: 
gets acoustically or 
are guided by wire, 
Short-range missiles 
for use against other 
vessels have been 
developed for firing 
from torpedo tubes, 


4 Rising from the 
sea on a test flight, 
the Polaris missile 
has a range of 

nearly 4,630km (2,875 
miles) and carries 
three nuclear war: 
heads. The Poseidon 
missile has ten war- 
heads. The missiles 


| | Officers’ wardroom 


Crow's 
quarters 


(To 


CONNECTIONS 
See siso 


Modern fight 


Modern attiiery 


| Torpedo room 


Torpedo 


are ejected from 
their launching tubes 
by compressed gas 
and the two-stage 
solid-fuelled rocket 
motor fires at the 
surface. They are 
computer guided and 
the warheads sep- 
arate on re-entry. 


enemy vessel is accomplished by sonar 
(underwater) and radar (when surfaced) and 
communications are by radio, A submarine 
can receive messages underwater but has to 
have at least its radio aerial clear of the water 
in order to transmit signals, although meth- 
ods of direct transmission are being investi- 
gated. Navigation is by a computerized in- 
ertial guidance system, assisted by sonar and 
radar in coastal waters or beneath ice floes. 
The periscope is used for photographing 
and for checking navigation by sextant. 

The nuclear submarine |1] is a true 
undersea craft. It needs no air for its motors 
and can make long undersea voyages without 
refuelling. The first of these vessels, the USS 
Nautilus, was also the world’s first nuclear- 
powered warship of any kind. Launched in 
1954, its capabilities drastically changed the 
military strategy of the Great Powers 
Instead of raiding surface vessels, nuclear 
submarines carry long-range interconti- 
nental missiles armed with nuclear warheads 
that can be launched underwater. The sub: 
marines constitute a strike force that is 
practically invulnerable because they cannot 


5 


7 Star M is a sub- 
mersible capable of 
operating to a depth 


amidships. Star Il) 
highly manoeuvrable 
as it has horizontal 


of 610m (2,000). and vertical motors. 
Powered by batteries Ìt operates from a 
itis 7.7m (25ft) support ship and 


has been used to in- 
vestigate the deep 
scattering layer of 
plankton that is so 


long and carries a 
crew of two sealed 
nside the spherical 
steel pressure hull 


Aft sim tank Vertical propulsion m 


Moin ballast tank 


Batteries |Pressure 
| huli 
main 


propulsion moror LHP air flask 


easily be located when submerged. They are 
intended to respond to the first strike against 
a country and thus deter any nation from 
making such an attack. 

In addition to intercontinental missiles [4] 
the submarine can carry torpedoes [3] that 
either home acoustically or are guided by a 
wire trailed behind the torpedo, Weapons 
that are part-torpedo and part-missile can 
also be carried for use against distant vessels. 


The role of submersibles 
The term submersible may be used to 
describe any underwater vessel but today it 
usually indicates a non-military vessel. Small 
electrically-powered submersibles [7] are 
used to inspect and carry out maintenance of 
underwater structures, especially oil and gas 
drilling heads and pipelines; to check 
undersea cables and bury them in the mud on 
the sea floor; to search for minerals on the 
seabed; and to carry out oceanographic 
research. They have even been used to search 
for the Loch Ness monster. The submersibles 
have bright lights and sensitive manipulators 
so that they can work on the sea-bed 


The Turtle, an Amer: 
ican submarine, was 
in 1776 the first to 

operate in a war. The 
single crew member 


worked all the con: 
trols—lateral and 
vertical propellors, 
rudder and pumps — 
by hand. The packet 


of explosives [left] 
was detachable and 
designed to be fixed 
to the hull of 

an enemy vessel, 


5 The largest sub- 
marine of World Wor 
` Iwas the K-class 
of the British Royal 
Navy. Itwi 
| 103m (338ft) long and 
j had a crew of 55, 
j The war proved that 
submarines were not 
Greatly effective 


important to ocean 
ecology. Submer- 
sibles have also been 
used to locate deep- 
swimming schools of 
fish to help improve 
catches. They are 
capable of delica 
undersea work on 
cables and oil rigs. 


TV cameras 


Bow 


8 Modern submers- 
ibles are important 
in oceanographic 


the ocean floors for 
evidence of oil, man: 
ganese nodul 
er; 
Is are used 
to inspect and main- 
tain underwater struc- 


Viewing ports 


against warships but 
could be used to sink 
merchant ships and 
disrupt supply lines. 
Germany had no 
ocean supply lines 
but the Allies lost 32 
ships for every Ger- 
man submarine they 
succeeded in sinking. 


tures such as off 
shore drilling rigs 

(for natural gas and 
oil) and submarine 
telephone cables. 
Mechanical “hands' 
controlled from inside 
the submer 


ples or to hold tools, 
‘The vessel can also 
be equipped with pow: 


6 The German U- 
boat (Unterseeboot) 
was responsible for 
sinking millions of 
tonnes of Allied 
shipping during the 
early stages of 
World War Il. Work- 


erful lights, tele 
vision cameras and 
Underwater cutting 


and even living 
quarters for divers, 


who leave and enter 
the craft through an 
air-lock. Communi 

cation to the surface 


aft torpedo tubes, the 
U-boats stalked 
convoys by day and 
attacked by night, 

The Allied devel- 
‘opment of radio 
direction finding and 
radar made surfaced 
submarines vulnerable 
to aircraft attack 


may be by telephone 
along a cable or a 
sonar (supersonic 
sound) beam may be 
used to transmit 
suitably coded voice 
messages or even 
slow-scan television 
pictures, All equip- 
ment is worked by 
electricity from 
storage batteries 
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Oceanographic exploration 


The topography of the ocean floor is hardly 
more familiar to man than that of the hidden 
side of the moon. Much remains to be dis 
covered about the oceanic two-thirds of our 
planet and oceanographic research is not just 
a matter of scientific curiosity ~ man is only 
just beginning to appreciate and to exploit 
the vast untapped food, mineral and energy 
resources of the sea 


Early observations 

The earliest scientific observations of the sea 
were recorded by Aristotle (384-322 BC) 
who described 180 marine animal species. 
Little further progress was made until the age 
of discovery during the fifteenth and si 
teenth centuries which advanced the geo: 
graphical knowledge of the seas and their 
currents. In 1670 the Irishman Robert Boyle 
(1627-91) published his Observations and 
Experiments on the Saltiness of the Sea in 
which he correctly deduced that the salt is 
derived from the weathering of the land, He 
introduced the silver nitrate test to measure 
the chloride content of seawater, a method 
which is still used today 


3 Instruments used 
‘on the Challenger 
included a current 
drag [A]. which was 
lowered to a pre- 
determined depth, the 
drift being shown 

at the surface by a 

| buoy. The Baillie 
sounding machine [8] 
measured depth and 
collected samples of 
sediment. The slip 

pa SS water bottle [C] was 

n used for sampling 

the bottom water for 
in-board analysis. 


4 This dredge was 
usod on the Challen: 
ger tor collecting 
biological specimens 
from the sea-floor. 


6 The Challenger 7 The plankton net 


expedition also is a cone of fine 
studied the muslin kept open 
species and indi by a hoop and 


viduals forming 
plankton, such as 
the comb jelly [A], 
actenophore and 
the copepod |B), 
a crustacean. 


weighted by a sinker 
onits bridle, The 
small end is tied 

to the neck of a 

jar in which the 
plankton is collected. 


482 


The Italian count Luigi Marsigli 
(1658-1730), a contemporary of Boyle. 
deserves to be called the first oceanographer 
because he studied the whole realm of the 
sea, from its flora and fauna to its currents. 
He invented the propeller current meter and 
discovered the deep counter-current in the 
Bosporus, correctly attributing it to differ. 
ences in salinity between the Black Sea and 
the Mediterranean. (The Black Sea receives 
more water from rivers than it loses through 
evaporation, hence the main surface current 
flows towards the Mediterranean.) 

In the eighteenth century the American 
Benjamin Franklin (1706-90) published a 
chart of the Gulf Stream which successfully 
shortened the passage time of the mail pac- 
kets between North America and England. 
James Cook (1728-79), during his famous 
Pacific voyages from 1768 to 1779, finally 
exploded the geographical myth of a great 
southern continent in the South Pacific where 
he took soundings down to 1,243m (4,078ft) 
which hinted at even greater depths. 

At the very beginning of the nineteenth 
century the German Alexander von Hum: 


1 The natural 
history laboratory 
aboard HMS Chal- 
lenger was fitted for 
the study of marine, 
bird and island life. 
The first true 


— 
>o 


5 The first world map 
of marine sediments 
was provided by the 
Challenger expedition, 
Vast areas of the 
soa-fioor were found 
to consist of dead 
shells of single 

celled animals 
(mainly Foraminifera 
and radiolarians) 

and algae (diatoms). 


a) LLLI 


boldt (1769-1859) described the cold cur 

rent that flows up the Andean coast to the 
Galapagos Islands. In 1835 the English 
naturalist Charles Darwin (1809-82) visited 
these islands during his round-the-world 
voyage in HMS Beagle, Darwin made many 
sea-related observations, including some on 
plankton (the microscopic life forms of the 
sea), He also proposed a theory on the origins 
of coral reefs which after more than a century 
of heated debate was finally proved correct 
by the well-drilling on Eniwetok atoll in 
1952. In the middle of the nineteenth cen- 
tury, Lieutenant Matthew Fontaine Maury of 
the US Navy (1806-73) published Wind and 
Current Charts, the first pilot charts, com- 
piled from the data in ships" log books. 


The Challenger expedition 
The findings of the early scientists and the 
many unanswered questions they posed 
induced the British Government in 1872 to 
finance a scientific expedition to circumnavi- 
gate the world, for which the Royal Navy 
provided a ship - HMS Challenger. 
Challenger, under the scientific direction 


oceanographic ship, 
Challenger was a 
converted man-of-war 
and this laboratory 
was installed on 

her gun deck and 

lit by a gunport. 


2 Dredging on the 
Challenger expedition 
was a slow, te 
operation and was 
nicknamed drudging 
by the crew 

who failed to share 


Foraminifera, such 
as Globigerina 
digitata |A), have 
calcareous shells 
whereas radiolarians, 
such as Panartus 
tetrathalamus |B], 
have siliceous 

shells, The Chal: 
lenger discovered 
3,508 new species 

of radiolarians. 


8 The Nansen bottle 
is used for taking 
deep-water samples. 
Bottles are attached 
at suitable inter- 

vals on the hydro: 
graphic wire [1] 

When the desired 
depth is reached a 
messenger weight |2] 
is slid down until 

it hits the latch [3] of 
the uppermost bottle 
which then swings 
around its lower grip, 
closing the valves |4] 
and tripping the 
thermometers [5] 
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Waves and 


the enthusiasm of 
the scientists, The 
dredge was streamed 
out at the end of a 
warp and was made to 
sink by the attachment 
of a sliding weight 


The messenger then 
slides farther down 
the wire [6] and 


trips the lever |7], 
releasing a new 


messenger to operate 


the next bottle down, 


of Charles Wyville Thomson (1830-82). 
sailed 69,000 nautical miles between 1872 
and 1876. Among other observations, ocean 
depths and surface currents were measured, 
water samples taken for analysis [3] and sea 
life was dredged or trawled [2, 4]. The ship 
was also fitted with laboratories [1]. The 
Challenger expedition outlined the broad 
features of the sea-floor and the nature of its 
sediments, and discovered some 4,417 new 
species of animals and plants. It also showed 
that life existed in the most extreme depths. 
Thus modern oceanography began. 


Modern oceanography 


Many expeditions were to follow using 
improved techniques and instruments. The 
Norwegian polar explorer Fridtjof Nansen 


(1861-1930) invented the deep-water sam 
pling bottle [8] that bears his name. It can 
carry for ining the 
temperature at depth [9]. Plankton nets [7] 


thermometers deter 


were perfected and many ingenious instru 
ments, such as the bathythermograph [10], 
were invented. A breakthrough came with 
the discovery of echo-sounding [13] just 
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9 Deep-sea rover: 
thermomet 
(DSRT) are fixed 
on Nansen bottles, 
The protected ther 
mometer [A] is insu- 
lated from pressure 
and records the 
temperature whe 
N bottle is tripped. 
The unprotected 
thermometer |B] 
is similar but the 
hydrostatic pressure 
squeezes the rese: 
voir so that the 
reading is a func 
tion of both tem: 
perature and depth, 
The small auxiliary 
thermometers in- 
dicate the tempera 
ture at the time of 
the reading and this 
must be introduced 


the 


10 The bathythermo- 
graph simultanoously 
records temperature 
id depth down to 
300m (1,004) but it 
lacks the precision 
and the depth 
range of the DSRT. 
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before World War I, but it was only perfected 
for use at great depths after World War I 

A new era in marine geosciences was 
introduced in 1961 by the Mohole project on 
the US drilling ship CUSS I (from the initials 
of the participating oil companies). The aim 
to drill down to the earth's mantle was not 
achieved 


but the accumulated experience 
was put to use in the American Deep Sea 
Drilling Project that started in 1968. This 
project confirmed the sea-floor spreading 
theory, which st 


jes that new sea-floor is 


generated along the mid-oceanic ridges 
The emphasis in oceanography has 
changed since the early days when the main 


object was to collect samples of sediment 
water and marine life. While this is still part of 
the research, the aims are increasingly to find 
new food and physical resources (minerals 
and energy), to con 
serve the biological resources of the sea 
Oceanography has become an advanced sci 
ence involving satellite navigation, expensive 
ships [Key] with on-board computers and 
laboratories and backed up by sophisticated 
shore-based facilities. 


10 M Lowering Reloose 
11 The gravity corer, 
which takes sample 
of the sea-floor sedi 
ments, consists of a 
metal tube [1] with 
a lead weight [2] 
and a tripping de 
vice [3]. The in: 
strument is lowered 
in the sea [A] with 
the lower part of 
the wire coiled [4 
When the tripping 


device touches the 
bottom [B] the coil 
is released and the 
core barrel falls 

and punches into the 
sediments [C]. Itis 
then brought back 

to the surface [D]. 


əl pollution and to con 


13 Echo-sounding is 
a method of measur. 
ing depth from 
the speed of 
sound in seawater — 
The lapse is timed 
between sending 
3) a sound signal and 
receiving its echo 
which has bounced 
off the bottom. In 
Aboth the sound 
receiver [1] and the 
transmitter [2] are 
onthe ship, and the 
water depth is mea: 
sured. In B a trans: 
mitter [3], weighted by 
a sinker [4] sends sig 
nals direct to a single 
receiver and bounces 
others off the bottom 
to calculate the depth 


Modern research 
vessels such as the 
AGOR-class R/V 
David Starr Jordan 
of the Scripps In 
tution of Oceanogra 
phy, USA, are de: 
signed for versatility. 
This ship is 80m (254 
ft) long and carries 


four laboratories. 
She has two winches 
and two cranes for 
lowering scientific 
gear. A central well 
through the hull 

ws further 

as a drilling platform. 
Propulsion is pro. 
vided by two cycloid- 


Coring 12 Froe fall 


uling 


c o 


\ 
| 
\ 


“ $ 


al propellers, which 
give total manoeuvr. 
ability in all direc 
tions, The ship ha 

an automatic satel 
lite navigation 
system which pro: 
vides a digital 
display of both the 
latitude and longitude 


Full Hauling 


penetration 


12 The piston corer 
is an improvement 
on the gravity corer 
Its penetration is 
increased by an in- 
ternal piston [1] 
which sucks the 
corer deeper into 
the sediment. Piston 
cores can exceed 
20m (60ft) in length 
whereas gravity 
cores seldom 
exceed 2m (6ft). 


14 The American 
deep-sea drilling 
vessel Glomar Chal- 
lenger maintains its 
station by dynamic 
positioning: the drift 
of the ship is com 
puted relative to a 
sonar beacon |1] and 
is automatically cor 
fected [A, B. C] by 
side thrusters [2] 
and the main propel 
ler. After a worn 
drill bit at the end of 
the drill string [3] is 
renewed, the string 
is guided back to 
the hole by fitting 
the core barrel with 
a sonar device |4], 
which determines its 
position relative to 
three sonar reflec 
tors [5] placed 
around the re-entry 
funnel [6]. The drill 
is then guided into 
the funnel by a 
sideways jet [7| 
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Man under the sea 


For centuries man has striven to conquer the 
world beneath the sea. Even in the fourth 
century BC Alexander the Great (356-323 
BC) was lowered into the sea in a large glass 
barrel and he used divers in military opera- 
tions such as the siege of Tyre (334 BC). 


arly diving apparatus 
The earliest reliable diving bells, which were 
open at the base and supplied with air by a 
hose from the surface, date from the six- 
teenth century. In 1663-4 one such bell was 
used to recover 53 cannons from the Swedish 
galleon Vasa. The first practical bell holding 
more than one diver was built by Edmond 
Halley (1656-1742) [1] in 1690, and bells 
are still used for harbour construction and 
salvage. The familiar “hard hat” diving suit 
introduced by Augustus Siebe in 1837 is still 
used extensively in underwater engineering 
down to 60m (200ft) but it is the aqualung 
[3]. developed by Jacques Yves Cousteau 
and Emile Gagnan in 1943, that gives the 
diver greatest mobility 
The air supplied to divers, whether froma 
pump or from aqualung tanks, must be at the 


4 This atmospheric 
diving suit, dubbed 
Jim” by its inven- 
tors, has a working 
depth to 300m (1,000 
ft), The articulated 
arms and legs permit 
only limited move: 
ment: tools are gripped 
by manipulators. The 
diver works at surface 
rather than ambient 
pressure, which avoids 
decompression, 
Soda lime scrubbers 
remove exhaled CO;, 
and oxygen is replen 
ished from two cylin- 
ders in the back pack 
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same pressure as the surrounding water so 
that the diver's body is not crushed. At a 
depth of less than 10m (33ft) water pressure 
equals that of the atmosphere (1.03kg/sq cm 
[14.7lb/sq in]); each 10m from the surface 
increases pressure by one atmosphere. The 
result of breathing air at higher than normal 
pressure is that nitrogen (which forms 80 per 
cent of air) becomes highly concentrated in 
the blood and tissue fluids. This dissolved nit 

rogen can turn back into a gas in the organs 
and blood-stream if pressure is lowered too 
suddenly, leading to decompression sickness, 
usually called “the bends”. If a diver rises 
from below 14m (45ft) too quickly, the nit- 
rogen in his blood is not expelled in the 
normal way through his lungs; and the bub- 
bles formed in his system prevent the proper 
circulation of his blood. To avoid the bends, 
divers are raised in stages, stopping for a set 
period at predetermined depths as they 
ascend. If for any reason this has not been 
possible the diver can be put into a 
decompression chamber [5]. This subjects 
him to the same pressure at which he was 
working under water and then slowly returns 


1 Edmond Halley's 
diving bell 

was 2.4m (8ft) high 
and 1.5m (5ft) wide 
at the base. It wi 
wooden with glass 
portholes and was 
weighted with lead. 
was supplied 
from one of two lead: 
lined barrels. When 
the first barrel 

wi xhausted 

it was pulled back 

to the surface 

to be refilled. 


5 A submerged decom- who is suffering from 


pression chamber can 
be used to treat an 
injured diver or one 


him to normal atmospheric pressure. 

At depths greater than 40m (130ft) dis- 
solved nitrogen can produce narcosis, a state 
in which a diver becomes so confused or 
euphoric that he may even remove his air 
supply. Narcosis can be avoided by using a 
mixture of oxygen and helium, but the mix- 
ture alters the diver’s voice, making his 
speech almost unintelligible, and causes him 
to lose body heat rapidly ~ a hazard in cold 
waters unless he wears a heated suit 

The deepest dive made at sea to date 
using self-contained underwater breathing 
apparatus (SCUBA) gear was 133m (437{t), 
accomplished in 1968. Much deeper dives 
have been simulated in compression cham- 
bers, in 1970 two Royal Navy divers went to 
an equivalent of 457m (1,500ft) for ten 
hours. The “dive and subsequent 
decompression took 15 days to complete. 


Saturation diving 
The disadvantages of the need for 
decompression after cach dive are being 
overcome by saturation diving techniques, 
Twenty-four hours’ exposure to nitrogen- 


2 The standard diving 3 
suit consists of a 

heavy metal helmet 
tplate, 


diving dress, heavily 
weighted boots 

and a flexible tube 
carrying air pumped 
from the surface, 


3 The aqualung (or 
SCUBA) diver 
wears a rubber 

suit. Compressed air 
carried in tanks is 


air lock from a port: 
able pressure vessel 
[left], which has its 
‘own bottled air supply. 


the bends. He can be 
admitted to the main 
chamber through an 


i 
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delivered at ambient 
water pressure (equal 
to that of the sur- 
rounding water) 

via a demand valve. 


The rate of decompres- 
sion to ordinary pres- 
sure can then be 
carefully controlled. 


free artificial air (such as a mixture of oxygen 
and helium) under pressure causes a diver to 
become “saturated” at that pressure. He can 
remain under pressure for several weeks, 
greatly increasing his working capacity, after 
which only one decompression is necessary 
Divers working under saturation conditions 
live in a large deck decompression chamber; 
they then transfer under pressure into a 
smaller chamber from which they work. On 
their return the transfer is reversed. 

Underwater habitats such as Conshelf, 
Tektite [6] and Sealab, are variations on the 
saturation diving system. The living chamber 
lies on the sea-bed and divers enter and leave 
through an entry trunk. These habitats are 
used mainly for scientific research in depths 
down to 100m (328ft). 


Submersibles for industry and research 

Cornelius van Drebble built one of the car- 
liest submersibles in 1620. Powered by 12 
‘oarsmen, it travelled Sm (16ft) below the sur- 
face of the Thames. Subsequent develop- 
ment of small submarines was largely 
directed towards military objectives. Only in 


Petrol buoyancy tank 


the 1960s was much attention paid to the 
development of submersibles for scientific 
research or underwater engineering [Key] 
Since 1960 more than 50 submersibles have 
been built with depth ranges from 100m to 
2,000m (329-6,560ft) and displacements of 
between five and 100 tonnes. 

The present generation of working 
submersibles, used in biological and geo- 
logical research, are mostly in the 10-20 
tonne range and carry a pilot and one or two 
observers who enter the submersible on the 
mother ship. The interior is at atmospheric 
pressure throughout the dive 

Since 1973 submersibles have been used 
increasingly by the offshore oil and natural 
gas industry for pipeline inspection, repairs 
and platform site surveys. The serious quest 
to probe great depths began in 1930 when 
Otis Barton and William Beebe descended to 
425m (1,400ft) off Bermuda in a steel 
pressure sphere, or bathysphere, lowered on 
a cable from a ship. On 23 January 1960 Jac 
ques Piccard and Donald Walsh descended 
10.917m (35,820ft) to the bottom of the 
Challenger Deep in the Mariana Trench 


Pressurized 
sphere 


Key 
‘Submersibles are 
used in both research 
and engineering 
They carry hydraulic 


arms for handling 
equipment, TV and 
photographic cam- 
eras. The maximum 


operational depths of 
some research sub- 
mersibies are shown 
inthis diagram 
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1 Shark cago protecting 7 
tho entrance 

Wet room 

External ight 

Observation port 

Air conditioning and 

purification equipment 

© Beacon light 

7 Connecting passage 

8 Control and communi 
cation room 

8 Living quarters 


6 Tektite was do: 
signed to study the 
reactions of scientists 
working underwat 
for long periods 
under saturated div- 
ing conditions. It 
has four chambers 
and accommodates 
four or five people, 


7 The submersible 
Pisces it 5.8m 
(19ft) long, weighs 
10.8 tonnes and has 

a maximum operating 
depth of 1,100m 
(3,600ft). It is 
launched from an A- 
frame at the stern 

of the mother ship 


prossure sphere fit 
ted with an entrance 
hatch and a conical 
Plexiglas window. 
Entry is through an 
air lock. The buoy: 


ancy tanks are in 
compartments built 
of light sheet metal 
and filled with 
petrol for buoyancy, 
To descend, the 
maining tanks and 
air lock are flooded. 
Electric motors pro- 
vide lateral movement 
at depth and lead 

shot ballast is 
jettisoned for ascent. 


9 The submersible 
VOL L-1 operates 
down to 365m 
(1,200ft). The pilot, 
diving supervisor and 
‘observer travel in the 
forward compartment 
at atmospheric pres. 
sure while the two 
divers in the lockout 
are pressurized to 

the working depth. 


decompression 
chamber on board ship 


Carts, coaches and carriages 


When early man was a hunter he found that 
he could transport his kill more easily if he 
dragged it on a crude sled [1] rather than car- 
rying it on his back. Soon he found that 
lengths of tree trunks used as rollers could 
move even heavier loads. 

A solid wheel fixed to a platform by a 
simple axle was a logical development of the 
roller system [2]. The first reported use of a 
wheel was in Mesopotamia, the land between 
the rivers Tigris and Euphrates, some 5,000 
years ago. Oxen-hauled wheeled transport 
then developed and its use spread slowly to 
the Mediterranean, Europe and China. 
When the Romans turned their attention to 
the building of wheeled vehicles their fine 
roads permitted fast travel in horse-drawn 
chariots — an important factor in the 
administration of a vast empire. 

In the period between the fall of the 
Roman Empire and the fifteenth century, 
progress in the development of vehicular 
transport lapsed. Most travellers were sol- 
diers, pilgrims or pedlars who relied largely 
on horses or pack animals. Farm carts used 
for local haulage were drawn by heavy horses 


4 Horses, mulesand 4 
pack animals were 

the main forms of 
transport in the 

Middle Ages but 

this type of “long- 

wagon” was used to 

carry womentolk of 

rank and wealth in 


relative comfort. 

5 French elegance charter to all coach- 
can be seen in the makers demanding 
design of thisheavy that attention be 
seventeenth-century paid to the prob- 


funeral coach. 
Leather strap sus- 
pension and the 5 
large rear wheels 

(the front wheels 

were smaller to 

allow them to turn 

on a central stoor: 

ing pivot without 

fouling the body) 

gave passengers in 

this type of coach a 
reasonably comfort- 

able ride on roads 

that had improved 

little for about 

a thousand years, 

In Britain Charles 

Wissued a royal 


Jems of transport. 
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specially bred for the work and in later times 
used as battle chargers. The few wheeled 
vehicles of the Middle Ages had no springs 
[4] and a long journey through Europe could 
take several uncomfortable months. 


Wheeled transport develops 

As communication between peoples 
increased, carriage transport began to 
develop. The first vehicles used rigid axles 
until suspensions in the form of flexible wood 
laths, then leather straps, were introduced. 
Early sixteenth-century carriages, often 
extravagantly decorated, were much 
resented. The public envied those rich 
enough to afford them, the Church consi- 
dered private conveyances sinful and the 
authorities kept a close watch, thinking them 
ripe for taxing - attitudes very similar to the 
ones of those who opposed the introduction 
of the automobile some 400 years later. 

By the seventeenth century, the period of 
mechanical and scientific awakening in 
Western Europe, some coaches and carriages 
had metal spring suspensions. Large rear 
wheels allowed the vehicles to travel at 


1 A sled was used by 
the Babylonians in 
about 2000 BC. The 
wheel was already in 
use in this region 
but an oxer uled 
sled, although slow, 
would have been use- 
ful for travel 

over the rough land. 


2 Wagons with four 
fixed wheels were 


higher speeds over the poor roads and also 
provided a more comfortable ride. 

During the seventeenth century Britain 
changed, mainly because of trade, from a 
farming community to a commercial nation 
with the need to convey goods and people 
over long distances. Smaller, lighter vehicles 
were developed for rapid short trips. But for 
longer journeys the early stage-coaches 
could travel little more than 48km (30 miles) 
a day, stopping periodically at staging posts 
A journey from London to Edinburgh -a dis- 
tance of 675km (420 miles) - took 12 days 
even by fast coach. 


From mail coach to rail travel 
The first couches to carry both mail and 
passengers travelled from Bath to London in 
1783. Mail coaches were so reliable that 
clocks could be set by their 16km/h (10mph) 
schedule, Coaching inns, some of them able 
to cater for up to a hundred coaches a day, 
provided passengers with meals and 
accommodation along the main routes. 

The nineteenth century saw great 
changes, including the brief introduction of 


í 
difficult to steer. ` 
This light A-framed t 
ox-cart of about 
2000 years BC (from 
Armenia) avoided the 3 Early Mesopo- 
problem by using je aan 

ie, sheep, 


only two wheels: pace TAa 


Horses were first 
found and then tamed 
onthe plains of 
central Asia, Early 
Celts had very 

little knowledge of 
either wagons or 
horses but by the 

first century BC 

a considerable ad- 


vancement had been 
made in the design 
and use of horse- 
drawn transport, as 
shown by this 
illustration of a 
two-horse ceremonial 
Celtic or Teutonic 
wagon used on feast 
days. The picture 

was reconstructed 
from fragments found 
on the western coast 
of Jutland, Denmark 


Key 
steam coaches. Travelling became more wheeled buggy [7] and canopied phacton or The brougham,atype riage design, although brougham, was drawn 


comfortable with the development of ellip- surrey were extensively used for private Pama oaaae prre i po Drona cota 

5 T E- riage for town an already in use in carried two people. 

tical leaf springs made of several thin, flat transport. Both were distinctively North [egefortown and Paa inusein carried two people, 

springs bound together and these are still American vehicles. A buggy seated two madein1839for Lord brougham became as bow-ronted and 

used for many purposes today. The design of people whereas a surrey was essentially a Brougham (1778- one of the mostcom- double broughams. 

carriages and coaches became more elegant family transporter with two rows of seats. 1868). twas unique in mon town carriages. were drawn by two 
Britain and led to The original version, horses and carried 


and light following the improvement of roads 
by the engineer John McAdam (1756-1836) Cabs, trams and buses 
whose type of road surfacing, designed to In Europe the hire-cab designed by Joseph 
compact by the weight of passing traffic, Hansom (1803-82) in 1834 (and bearing his 
greatly facilitated travel name) plied the streets of almost every city 
The Victorians used numerous types of and horse-drawn trams and omnibuses pro- 
horse-drawn transport for short journeys, vided reasonably inexpensive travel for the 
ranging from the light gig to the family brake. masses. The box-like omnibus, French in 
Wealthy families kept staff to drive or main- origin, was first introduced to London in 
tain a private coach or drag, a dog cart for 1829 by George Shillibeer at the time of the 
sportsmen and gun dogs, a governess cart for demise of the coach. By the 1840s the single- 
the children, a phaeton for rapid journeys, a decker bus had developed into the double- 
victoria for park and town use, a brougham decker with seating along the length of the 
for privacy and perhaps a stately landau for top deck [8] With further development 
formal occasions. improvements were added and the double- 
In America the stage-coach enjoyed a decker became the design adopted by bus 
longer span of life and helped to open up the companies when motor-driven transport 
West through a vast network of scheduled began to replace horse-drawn vehicles, The 
services operated by coaching companies last London horse bus in regular service con- 
such as Wells Fargo. The lightweight high- tinued to operate until 1914. 


a revolution in car- known asthe single up to four people. 


8A 


6 The charabanc [A] 
was useful in large 

establishments for liveried coach: 
communal transport, was used to carry coach based on 

A private omnibus small groups on earlier mail coach hionable for 
[B], driven by a excursions. The drag designs. The wagon- family outings. The 

ette [D], with seats dog cart [E], origin: their dogs, became 
down each sid ally designed to widely used for 
carry sportsmen and everyday transport 


7 European carriage 8 The word “omnibus” rear entrance door. 


design influenced (meaning “forevery Soon people adopted 
many early American one”) originatedin the practice of 
models. But the France in about 1825 perching on the roof 
buggy had a very for a transport ser- of these single- 

vice operating in deckers, leading to 

Nantes. Introduced the development of 

to London in 1829 by the double-decker 
“buggy” was originally Englishman George “knifeboard” bus 
an English word mean- Shillibeer (1797— with no weather pro- 
ing a hooded gig. The 1866) the omnibus tection on the upper 
distinctive American was an immediate suc- deck (fares on top 
buggy, which mad cess, The initial ser» were half price), By 
appearance in about vice, which ran be- the 1880s it had devel 
1850, was a light, tween Paddington oped into the two 
fast carriage with the Bank for a horse "garden seat” 
two or four high fare of one shilling, bus pictured here, 
wheels and a thin was provided by a in which forward 
frame supporting the horse-drawn vehicle facing seats 
carriage and canopy. carrying 18 to 22 replaced the long 
ktwasdrawnbyone passengers. A ench. Horse-bus 
horse and seated liveried conductor services operated in 
two passengers. stood guardbythe London until 1914. 
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History of bicycles 


es 


Bicycles driven by cranked pedals date from propelled by pedals at the front which Bicycles again had wheels of roughly equal CONNECTIONS 
the 1860s and since then the machines have worked backwards and forwards drivingcon- sizes. The Rover safety bicycle of 1885 was ses aiso 
become popular throughout the world, necting rods to turn the rear wheel. Rotating mass produced and within a few years com- =v mor 
particularly in Britain, France, Italy, the pedal-cranks, driving the front wheel pletely replaced the penny-farthing. All 2°Sssemse 
Netherlands and other European countries. directly, were introduced by the French these carly bicycles had solid rubber tyres "7a tarspon 


Troops riding bicycles were employed by the 
major powers in World War I and, more 
recently, by the Vietcong in Vietnam, 


The first bicycle 
The history of the bicycle begins with non- 
powered machines developed in France in 
the late 1700s. In 1791 the Comte de Sivrac 
built his célérifére. It was a wooden machine 
consisting of two wheels in line joined by a 
bar that carried a seat. The rider straddled 
the bar and “walked” the machine along. 
Similar machines were made by J. Nicéphore 
Niépce (1765-1833) (also the inventor of an 
early photographic process) in 1816 and by 
the German Baron Karl von Drais a year 
later. Drais’ Laufmaschine soon became 
popular in Britain and Germany as the 
draisine or hobby-horse. 

In 1839 the Scotsman Kirkpatrick Mac- 
millan produced a “powered” hobby-horse 


1 The Whippet of 
1885 was designed by 
Lindley and Brig 
it had a pivoted and 


pedi 
of the rest of the 
frame and wheels. 


was designed by M. 
Pederson and built at 
Dursley in England 
The frame members 
were of twin narrow- 
section tubes, side by 
side for rigidity, 


brothers Pierre and Ernest Michaux in about 
1861. They called their machines Vélocipédes 
and within four years were manufacturing 
400 bicycles a year. By 1869 bicycle racing 
was established on the roads of France. 

The “ordinary” or “penny-farthing” 
bicycle [Key] had a large front wheel driven 
directly by pedal-cranks and a small rear 
wheel. Invented in 1871 by the Englishman 
James Starley (1831-81), it rapidly became 
the most popular type of bicycle. The size of 
the large wheel was chosen to suit the length 
of the rider's legs and varied from 1m (39in) 
to 1.5m (59in) across, 


Chain-driven bicycles 
The first chain-driven machine was built in 
1874 by H. J. Lawson, Pedal-cranks 
mounted on the frame turned a large 
sprocket wheel which drove an endless chain 
round a smaller sprocket on the rear wheel. 


3 The Raleigh 

Safety bicycle of 1907 
had an all-steel frame 
joined by anew 
brazing process 
using pressed steel 
sockets brazed to 


in molten brass. 


4 The Switt ladies’ 
bicycle of 1926 had 
no cross-bar on the 
fra making it 
'for a woman 
ring a skirt to 
get on and off. The 
lightweight fre 
was an advance over 
early heavy designs. 


mounted on steel-rimmed wheels. 


The modern machine 

A milestone in the history of the bicycle came 
in 1888 when John Dunlop (1840-1921) 
invented the air-filled or pneumatic tyre. The 
diamond-shaped frame became standard and 
there were no major changes in bicycle 
design for the next 70 years, In the 1960s var- 
ious manufacturers produced small-wheeled 
bicycles — some of which could be folded to fit 
into the boot of a car ~for town use. Earlier 
unusual designs included the tandem, a long- 
framed bicycle for two riders, and the three- 
wheeled tricycle which became important as 
the type of machine into which Karl Benz 
(1844-1929) and Gottlieb Daimler 


(1834-1900) fitted petrol engines to make 
the first motor cars in 1885, 

A modern bicycle has mudguards, electric 
lamps powered by batteries or a dynamo and 


5 The Velocino bi- 
cycle, made in italy 


easy to store and 
carry. Its inventors 
iso claimed it to be 
easier to dismount 
in an emergency. 


centre of gravity. 
The frame could be 
adjusted to “fit” 

the build of almost 
any rides 


lever or calliper brakes acting on the rims of 
both wheels [7]. It may have variable gear 
ratios and a guard to enclose the chain and 
transmission. Accessories include ext 
rying capacity in the form of a rear-mounted 
rack, a basket in front of the handlebars and a 
saddlebag or a pair of panniers mounted on 
ch side of the rear wheel. 

‘The frame is generally made of seamless 
steel tubing brazed or welded together. In the 
brazing process pre-cut lengths of tubing are 
fitted over angled sockets and secured in 
place with molten brass. In welding there are 
no sockets and the tubes are joined with 
molten steel to give a joint stronger than the 
tubes themselves. Using special light alloys 
manufacturers can make racing bicy 
weighing as little as 7kg (151b). 

Between 24 and 40 wire spokes join the 
wheel hub to the rim. The rim end of each 


spoke is threaded and a nut or nipple is 
screwed on to it to keep the spoke in tension. 
The rim may be made of aluminium alloy, 
stainless steel or chromium plated stainless 
steel. Hard rubber brake-blocks, worked by 
levers (called stirrups) or callipers (which act 


like pincers to nip each side of the wheel) 
press on the rim for braking. An alternative 
type of brake acts by pressing inside the hub 
of the rear wheel and is brought into action by 
back-pedalling 

The rear wheel of a bicycle rotates faster 
than the large sprocket wheel turned by 
pedalling. There are generally about 48 teeth 
on the large sprocket wheel and about 18 on 
the smaller rear sprocket, This provides a 
gear ratio of about 2.66 to 1. Variable gears 
allow different speeds for a constant pedal- 
ling effort. There are two main types. In a 
dérailleur gear there are up to six rear sproc- 
kets of different sizes plus up to three on the 
cranks to provide a variety of gear ratios, 

An epicyclic gear, developed by Sturmey 
and Archer, is more complicated. A small cog 
called the sun wheel inside the rear limb is 
rotated by the rear sprocket, A ring of teeth 
line the inside of the hub and the drive is 
taken to these from the sun wheel via a set of 
planet-wheel cogs. Three different gear 
ratios are available, Sturmey-Archer and 
derailleur types can be combined on one hub 
to provide the rider with eight gears. 


© 


© 


7 A modern racing 
bicycle has a 

short wheelbase for 
manoeuvrability and 
is made of light- 
weight alloys to re- 
duce the weight of 
the machine. It has 
two sets of déraill 


sprocket, giving it 
up to 28 different 
gear ratios. The 
gears are changed by 
means of two levers 
[3] on the frame, 

The front forks 4) 
are nearly straight, 

to reduce the wheel 


bars [5] and saddle 
16) are both 


point of the pedal 
is ideally 9% longer 


able andthe saddle than the rider's in 
is fixed so that the side leg length. The 
distance from itto dérailleur gear (A) 


the handlebars is 
about the same as the 
length between the 
rider's elbow and 


on the rear hub has up 
to six sprockets, of 
increasing sizes, 
mounted on a quick 


eur gears, one |1] on 
the rear hub and the 
‘other [2] on the main 


base, but have enough 
curvature to act as 
springs. The handie- 


fingertips. The 
height of the saddle 
above the lowest 


release hub [7] 
Small sprockets give 
high gears and 


The penny-farthing 
or ordinary bicycle 
first appeared in Eng- 


land in the early 1870s, 


larger ones low 
gears. The drive 
chain [8] can be 
shifted from one 
sprocket to another 
by a parallelogram 
arrangement [9] held 
in sideways tension 
by a spring, The stem 
and fork assembly [B] 
of a modern bicycle 
has to bear much of 


invented by James 
Starley. The rider 

pedalled cranks that 
were mounted at the 


the weight and still 
pivot freely for 
steering the machine. 
Handlebars are fit- 
ted to an angled 
sprocket [10] at the 
top of the stem. A 
ballrace [11] provides 
a friction-free bear 
ing. Most modern 
machines have brakes 
consisting of a cal- 


centre of the large 
front wheel, which 
he also turned to 

steer the machine. 


8 ra 


liper [12] operated by 
a bowden cable [13]. 
When the cable is 
pulled the calliper 
nips brake-blocks [14] 
against the wheel 
rim. The tyre [15] has 
a canvas carcass 
covered by synthetic 
rubber tread. Each 
spoke [16] is tensioned 
by a nipple [17]. 
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History of motor cycles 


The motor cycle is an older invention than 
the motor car, Two Frenchmen, Pierre and 
Ernest Michaux, built the first motor cycle -a 
steam powered “boneshaker” in Paris in 
1869, sixteen years before Karl Benz 
(1844-1929) and Gottlieb Daimler 
(1834-1900) made the first cars. But the 
advantage of Daimler’s petrol engine was 
soon put to use by motor cycle designers. 


Early developments 

Other technical innovations soon improved 
these early machines. The pneumatic tyre of 
J. B. Dunlop (1840-1921), invented in 1888, 
helped to absorb some of the bone-jarring 
shocks from the road surface. The final drive 
was generally a leather belt, which tended to 
break or slip in wet weather. The engine was 
started by pedalling, to turn over the engine, 
or by "bump starting” in which the rider 
pushed the machine, running alongside and 
jumping into the saddle when the engine 
fired. The Butler spray carburettor of 1889, 
modified and refined by Wilhelm Maybach 
(1847-1929) in 1893, was the forerunner of 
those still used today 


3 Norton Internat. 
ional (1932) was so 
successful it became 
known as the "Unapp- 


had rubber-mounted 
handlebars. Optional 
extras included 
plunger-type rear 


roachable Norton’ springs straight- 
This 490cc version through exhaust 
had hair-pin valve pipes and a Norton 
springs and others  TT-type gearbox. 


4 Velocette KTT engine, air-filled 
(1949) resukedfrom “hydraulic” re 
the firm's consider. shock absorbers and 


able racing successin “girder” front forks 

the 1930s. The mach- (later superseded by 
ine had a 348cc "tele-draulic” forks), 
overhead camshaft to smooth the ride. 


Motor tricycles also date from about 
1880. Some were little better than motorized 
wheelchairs. But the De Dion Bouton of 
1898 had a rear-mounted engine, a differen 
tial, and was capable of the then staggering 
speed of 40km/h (25mph) 

In Britain the Road Acts of 1861 and 
1865 had required that all motor vehicles be 
preceded by a man carrying a red flag. The 
repeal of these laws in 1896 removed the 
restrictions that had cramped British designs 
for so long. In the same year Colonel Capel 
Holden patented a motor cycle with a four 
cylinder opposed engine. This had a 
commutator-type distributor powered by a 
coil and a battery. as on a modern car 
External connecting rods drove the rear 
wheel directly by means of overhung cranks. 


Wider applications of motor cycles 

‘The motor cycle movement was also growing 
in the United States where by 1905 the main 
manufacturers were Harley Davidson and 
Indian. Both companies pioneered the use of 
twist-grips [1] on the handlebars to control 
the throttle and advance and retard of the 


ignition timing. The 1.7Shp Indian of 1905 
had a single-cylinder engine with a steel 
cylinder machined from a asting 
Harley Davidson produced their first V-twin 
cylinder engine in 1909 and have used the 
same layout in most of their engines ever 
since. By 1914 the motor cycle speed record 
has risen to 150.5km/h (93.5mph). In the 
same year, the first of World War I, the 
British army began to use motor cycles for 
dispatch riders and used machines fitted with 
sidecars that could also carry a machine gun. 

By the 1920s nearly all large-engined 
machines had a chain or shaft as final drive. 
Overhead valve engines began to appear and 
some, such as the 1,000cc units in Harley 
Davidsons and Indians, had four valves to 
each cylinder. In Germany BMW produced 
their first motor cycles with a horizontally 
opposed twin-cylinder engine, an arrange 
ment that has also survived to the present 

As the volume of traffic increased 
particularly in the United States, police 
forces began to use motor cycles for patrol 
duties. Large four-cylinder machines pro: 
duced by companies such as Henderson and 


solid 


1 Indian (1911) be- 
came popular by tak 
ing 1st, 2nd and 3rd 
in the Isle of Man 

TT races, This 

rarer single-cylinder 
machine also had 
twist-grip controls, 


2 Brough Superior 
(1924) was the fir 
production mach 
generally available 

with a top speed of 

more than 160km/h 
(100mph), This 1930 
version, the Black 


5 Harley Davidson machines, They had 


 ——— 


CONNECTIONS 
See aiso 


Alpine, had a JAP 
680cc V-twin 

engine, a heavy-duty 
four-speed Sturmey 
Archer gearbox and 
a bottom link front 
fork developed 

by Harley Davidson, 


rugged and reliable, 


WLA and WLC 
(1945, produced for 
the Canadian Govern- 
ment) were adapted 
from earlier civilian 


strengthened frames, 
bearings, gearboxes. machines for Allied 
and clutches, The dispatch riders and 
750cc V-twin side military police at 
valve engine was the end of the war. 


h was one of the 
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Indian were particularly suited for driving on 
the long, straight American roads 


Two-stroke engines 

A two-stroke petrol engine has fewer moving 
parts than a four-stroke and is easier to main- 
tain. By 1930 Villiers and other companies 
were producing a wide range of single- 
cylinder two-stroke engines, During the late 
19205 and the 1930s the motor cycle under- 
went a social change. It ceased to be a luxury 
machine and evolved into a relatively cheap 
and uulitarian form of transport, A pillion 
passenger could be carried behind the driver 
and a sidecar gave the “combination” a cur- 
rying capacity of up to four (two adults and 
two children), 

By 1937 a Brough Superior fitted with a 
1,000¢e JAP engine had pushed the world 
speed record up to nearly 27Sknvh 
(170mph). Once again the motor cycle in- 
dustry was preparing for war, In 1938 BMW 
produced the R7S model, with a sidecar. for 
the Germany army. Both sides made collap- 
sible motor cycles for paratroops 

Post-war development was characterized 


by smaller, higher-revving engines and in 
Europe thousands of motor scooters were 
produced. Between 1950 and 1965 manufa 
turers of dearer “luxury” machines such a 
the Vincent and Sunbeam (which used 
rubber-mounted engines) were forced to 
close down in the face of competition from 
mass-produced machines from Triumph. 
BSA. Norton and AMC. A wide range of 
purpose-built machines became available for 
scrambles, trials and road-racing 

During the early 1960s the Japanese 
Honda company began to enter Western 
markets with their small, 50cc four-stroke 
machines. Followed by Suzuki and Yamaha 
producing two-strokes. they soon dominated 
the market with models ranging from S0cc 


monkey bikes” to 750ce four-cylinder 
machines capable of 210km/h (130mph), 
Most motor cycles sold today are 


economic and comfortable machine 


El 


trie starters and hydraulic dise brakes are 
becoming standard. The early 1980s may see 
the introduction of more rotary engine motor 
cycles. such as those which are already being 
produced by the DKW company 


key 


The first recorded 
motor cycle was built 
in France in 1869, 
based on an existing 
Michaux velocipede ~ 
a type of "bon 
shaker" pedal bicycle. 
It had a small 
single-cylinder steam 
engine. A flexible 
loathor bolt linked 

a pulley on the 
engine with a larger 
one on the rear whee! 


6 Vincent Rapide 
(Series C, 1950) was 
based on a 998cc 
machine of 1937. It 
had twin carburettors 
and twin brakes on 
each axle and in 

1955 held the solo 
and sidecar records, 


7 MV Augusta (1950) 
was a four-cylinder 
motor cycle designed 
by Ing Remor. First 
versions had a shaft 
drivo, later replac 
by a chain. It had 
one of the first 
electric starters. 


8 The rotary Wankel 
engine may be tho 
new power unit for 
motor cyclos and 
some manufacturers 
have experimental 
machines using it 
This illustration 
shows how such 

a machine may look, 


thus gearing down the 
speed of the engine 
Within 20 years 

other inventors con- 
structed steam bi- 
cycles and tricycles 
and in 1886 the Ge 

man engineer Gottlieb 
Daimler fitted his 
air-cooled petrol 
engine into a wooden 
bicycle, also of his 
own design. At about 
the same time the 


9 Types of modern 
motor cycles include 
[Al standard 750cc 
road-going sports, 
capable of carrying 
two people at speed; 
[B] trials bike with 
high-mounted engine, 
wide handlebars 

and knobbly tyres 

for cross-country 
riding; [C] italian. 
pioneered motor 
scooter with good 
weather protection; 
ID} "step-through” 
motor cycle with small 


Edward Butler 
1940) patented his 
"Petrocycl 

three-wheeler with 


cooled engine. The 
first commercially 
successful petrol- 
engined motor cycle 
was produced in 1893 
by Henry and Wilhelm 
Hildebrand in Munich 


engine and automatic 
clutch for use in 
towns: IE} fully 
modified road racer 
with a highly tuned 
engine in a special 
frame giving a 280 
km/h (175mph) mach- 
ine suitable for only 
the most experianced 
riders; and [F] the 
“chopper” using a 
standard engine in 
a highly modified 
frame with upswept 
handlebars and a 
sit-back saddle 
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History of automobiles 


The automobile was not invented overnight 
It took shape from an accumulation of tech- 
nical advances that resulted in a light and effi- 
cient engine. The accepted “fathers of the 
modern motor car” are two Germans, Karl 
Benz (1844-1929) and Gottlieb Daimler 
(1834-1900), who built their first petrol- 
fuelled motor vehicles within a few months of 
cach other (1885-6), 

More than a hundred years earlier, the 
first self-propelled road vehicle had rumbled 
through the streets of Paris at nearly Skmv/h 
(3mph) when Nicolas Cugnot (1725-1804) 
demonstrated his steam-driven wagon [1] 


The first automobile 
The German Nikolas Otto (1832-91) made 
the first four-stroke  internal-combustion 
engine in 1876 and in 1885 Daimler had 
installed a small four-stroke engine in a cycle 
frame, He first four-wheeled 
petrol-driven vehicle round Cannstatt in 
1886. In neighbouring Mannheim, Benz had 
tested his three-wheeler car 

Daimler licensed the French firm of 
Panhard and Levassor to build his engine 


drove his 


Levassor placed it at the front of his crude car 
[2] and it drove the rear road-wheels through 
a clutch and a gearbox. Thus in 1891 the first 
car to use modern engineering layout was 
seen. Within three years of the appearance of 
the first Panhard France was staging motor 
races on public roads. 

At the turn of the century, petrol, steam 
and electric power shared almost equal popu. 
arity for powering automobiles. Steam was 
well-tried and reliable and electric vehicles 
held the land speed record. France had 
several established motor manufacturers 
Panhard, Peugeot, Renault, Daracq. 
Delahaye and others; in Germany Benz had 
made the world’s first standard production 
car, the Velo (1894), and the Daimler com. 
Pany was just about to present the Mercedes 
to the public (1901) [3]. 

In the United States the automobile 
would develop along different lines. There 
the car was seen not as a rich man’s toy, but as 
a new method of communication in a conti- 
nent in which travel had been restricted by a 
lack of roads and great distances, 

Great Britain, slow to start, had legislated 


4 The 1907 Roll 
Royce Silver Ghost. 
of which 6,173 were ` 
produced, played a 
major role in build. i 


ing the firm’s repu 
tation. Its 7-litre, 
engine gave 48bhp. 
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3 The Mercede: 
built by Daimler, ap. 
peared in 1901, Tech: 
nically advanced for 
its day, ithada 
35bhp, 5.9-litre en. 
gine and gate change. 


for the car in 1896 when the road speed limits 
were raised and soon such companies as Lan- 
chester, Daimler (of Coventry), Wolseley 
nd Napier were producing cars. 


Motoring in Britain 
Encouraged by the keen interest shown by 
King Edward VII, motoring in Britain 
became an accepted method of travel — for 
the rich. Some British manufacturers began 
to contest French car supremacy and among 
them the partnership formed in 1904 be- 
tween Charles Rolls and engineer Henry 
Royce was one of the most significant [4]. At 
that time Henry Ford was preparing the 
motoring world for his Model T, which was 
introduced in 1908 [5] 

By 1910 automobile design had become 
fairly settled, with a side-valve four- (or six-) 
cylinder front-mounted engine. Weather 
protection had been developed, and the elec- 
trie starter from America (1912) had encour- 
aged women to take to the wheel by 
removing the physical hardship of the 
starting handle. Interchangeable parts made 
to fine limits opened the gates to mass 


1 The first self 
propelled road ve 
hicle, built by Cug- 
not in 1769, was a 
tiller-steered, two- 
cylinder, steam 
powered tractor, Its 
‘engine’ was onthe 
single front wheel 
and was designed to 


pull guns. Itinvolved 
its inventor in 

the world's first 
motor accident 
when it hit a wall 


2 Panhard and Lev- 
assor (1894) was 
developed from the 
1891 design. It had 


5 Ford's Model T 
(1908), a simple easy 
to-drive car, brought 


CONNECTIONS 
See siso 


a Daimler engine 
‘mounted at the front 
ofthe car, with the 
drive passing through 
aclutch and gearbox 
tothe rear road. 
wheels. This French 
design was tobe 
adopted as the stand, 
ard modern layout. 


motoring to the world, 
Nicknamed “flivver’ 
‘more than 15 million 
were sold by the end 
ofits runin 1927. 


production, The Edwardians had laid down 
the working principles and the following 
years saw more refinement than innovation. 
Balloon” tyres. pressed-stee! wheels and 
four-wheel brakes appeared. Heavy and 
unstable coach-built saloon bodies encour 
aged the trend to wood-and-fabric and later 
10 the rigid, welded pressed-stee! body 


Cheaper cars 
Greater demand by the public in the 1920s 
brought cheaper cars on to the market from 
such manufacturers as Morris, Citröen, Opel 
Austin and Fiat, although such exotic models 
as Hispano-Suiza, Maybach, Voisin and 
Delage still commanded respect - and a deep 
purse, The economic depression of the late 
1920s closed down many companies of both 
classes, from Clyno to Bentley. and forced 
the production of even more basic cars 

By the 1930s most cars were being made 


for the new middle-class “family” driver 
uninformed in motoring matters and 
requiring a near foolproof vehicle. There 


were some technical milestones, however. In 
1934 Citröen produced the Traction Avant 


8 The Volkswagen, 
a car tor the people. 
was designed by Ferd: 
inand Porsche (1875- 
1951). First planned in 
1934, the design of the 6 
air-cooled rear-en 
gined "Beetle’ 
changed very littl 
thereatter, 


10 The Fiat 128 wa 
typical of the 
European car of the 
1970s. It follows the 
world trend forced by 
the shortage and 
higher price of fuel 
and has a small high- 
raving engine for 
economy (with an 
overhead camshatt), 
mounted transversly 


atthe front, and 
driving the front 
wheels. It has sev 
eral built-in feat 
ures and there are 
many variations 
onthe basic design. 
Itis available with 
two or four doors, as 


in”Rallye” and sports- 
coupè versions. 


[7]. the first medium-sized car to have front 
wheel drive and independent suspension, and 
in 1938 the German car that was to become 
the Volkswagen (people's car) way finalized 
and tested - the only car to have spanned four 
decades [8] 

The first postwar cars were similar to 
prewar models, but in 1948 two British cars 
destined to influence future design appeared 
= the wide-tracked Morris Minor and the 
193km/h (120mph) Jaguar XK120 sports 
car. In 1955 the hydro-pneumatic suspension 
system of the Citroen DS 19, a sophisticated 
successor to Citréen’s 1934 car, astonished 
the motoring world. The end of 1959 saw 
the introduction of the Morris Mini- 
Minor’ Austin Seven, now universally known 
as the Mini [9]. It had a transversally 
mounted engine, front-wheel drive, rubber 
suspension and short wheelbase 

Since then the automobile has played a 
more and more important part in modern 
life, until now its numbers have become a 
threat to health, to energy resources and to 
mobility itself 
pollution-free electric cars 


hence the renewed interest in 


6 Aclassic of the 
vintage ora, the 
Vauxhall 30/98 was 
famous for its 
Successes in sprints 
and hill-climbing 
competitions. 


9 The Mini, launched 
in 1959, was an instant 
success. Designed by 
Alecissigonis, (1906- ), 
ithad a transverse 
engine with integral 
gearbox. front-wheel 
drive, and an all 
independent suspension 


Key 
Gottlieb Daimler 
(1834-1900) in 1883 
made one of the first 
relatively fast-run 
ing. lightweight 
engines using gaso- 
line. Developed 
inthe experimental 
laboratory he had set 
up in 1882 in Cann, 


statt, Germany, with 
Wilheim Maybach 
hehad builtitinto 

a wooden motor cycle 
by 1885 and within 

a year produced his 
firstcar. At almost 
the same time, but 
independently, Carl 
Benz built his first 


car This three: 
wheeler had a 1.5hp 
single-cylinder. 
water-cooled petrol 
engine mounted hori 
zontally at the back 
of the car. Final 
drive was by means 
ofachaintoagear 
onthe back axle 


7 Therevolutionary 
front-wheel drive 
Citroen of 1934 

was the modol for 
this 1939 15CV and 
subsequent models. 


Classic cars 


The history of the automobile spans less than 
100 years from the spluttering experiments 
of pioneers such as Benz, Daimler and 
Panhard to the mass-produced, energy- 
conserving designs of the 1970s, 

Between the two world wars, the funda- 
mental principles of the machine had become 
well established. Henry Ford (1863-1947) in 
the United States had proved the economic 
common sense of mass production and 
motoring became available to an ever larger 
section of the population. 

Yet during this time there emerged a few 
really great cars. They were carefully, almost 
lovingly, built ~ generally one ut a time, to 
individual customers’ orders. Some incorpo- 
rated radical innovations, although most 
merely represented the best available 
combination of design and engineering skills. 
Their names became synonymous with 
quality and status. Some, such as Alfa 
Romeo, Rolls-Royce, Cadillac and Mer- 
cedes, survive as names. A whole list of 
others has gone. But these classic cars wes 
the thoroughbred bloodstock whose descen 
dants form one of today’s major industries. 


4 Duesenberg (United 
States, 1930) was one more than 260bhp to 
s give the car a top 
speed of more than 
175km/h (110mph). 
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1 Mercedes (Ger 
1914) was designed 
by Paul Daimler for 
that year’s Grand 
Prix, Its 4.5-litre 
‘engine gave ita 
maximum speed of 


ny, 


180km/h (112mph). CONNECTIONS 
It had two magnetos 
and three sparking See aiso 


plugs per cylinder. 
Front-wheel brakes 
were a post-World 
War! addition. 


2 Hispano-Suiza 
(France, 1922) hi 
steel and ali 
ium en 
earlier 


It was the first 
car to have servo- 
edon assisted four-wheel 
ro-engines brakes, and had a 
by the Swiss designer maximum speed of 
Mare Birkigt, of 137km/h (B5mph), 


3 Isotta-Fraschini A 
(italy, 1929) had 
twin carburettors 
to food petrol into 
its 7.4-litre eight 
cylinder engine, 
giving an output of 
120bhp. Its Italian 
manufacturer pion- 
vored the uso of 
four-wheel brakes, 


berg | 
performance, but at 

a cheaper price. A 
supercharger enabled 
its 4.6-litre engine 

to develop 150bhp, 


g the car a 
top speed of 160 
km/h (100mph), 


9 SS Jaguar (Britain, 
1938) r 


hed 160 
00mph) and 


The 3.5-litre version 
produced 125bhp, 
using only standard 
components, Half 
elliptic spring 


1g look, common 
to later Jaguars. 


asonably priced, 


5 Bugatti Royale 
(France, 1927) was 
one of the largest 
cars ever built 

More than 6m (20ft) 
long and 2m (6.5ft) 
wide, ithad a 12.8: 
litre engine, giving 

ita maximum speed 
‘of about 200km/h 
(125mph), Only 

seven were made, and 
the chassis alone 

cost about £20,000 


7 Bentley (Britain, with a 4.5-litro 


1930) had a super- engine, reached 
charger mounted in speeds of 200km/h 
front of the radiator. (125mph), but the car 


This Le Mans sports, won no major race. 
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How an automobile works 


A typical modern car can be divided into four 
main component systems: the engine, pro- 
ducer of the power; the transmission, which 
feeds the power to the road wheels; the elec- 
trical system; and the body/chassis, including 
steering, brakes and suspension [Key] 
Wherever the engine is placed — at the rear, 
driving the rear wheels, in front, driving the 
front wheels, or even amidships - the 
working principle is basically the same, In the 
conventional front-engined, rear-drive car 
(the construction that is cheapest), the engine 
feeds rotary power via the clutch, gearbox, 
propeller shaft and differential to, finally, the 
back axle and road wheels. 


‘Transmission 
By using the clutch [6], the driver is able to 
connect or disconnect the engine's power 
from the road wheels, to engage gears, to 
start smoothly, and to stop the car without 
stopping the engine. When the driver de- 
presses the clutch pedal while the car is in 
gear, the drive (power) is disconnected from 
the gearbox and the rest of the transmis- 
sion; releasing the pedal reconnects the drive 


1 @ Engine and exhaust 
@ Fun! sysiom 
@ Electrical system 
Cooling systom 
@ Transmission 
Steering and suspension 
© Brakes 


1 Terms used in cars: 
Alternator: charges 


BHP: brake horse 
power, measure of 


the battery, often ‘engine power. 
insteadotadynamo. Brake shoes and pads: 
Anti-roll bar: tough Shoes are curved 
steel bar attached lee! segments cov- 
tothe suspension ered with lining 
which minimizes which press on the 


roll when cornering brake drums. Pads 


4 


7 
me] 


Generally located just behind the clutch, 
the gearbox (either manual or automatic) is 
designed to vary the ratio of speed between 
engine and road wheels. The normal petrol 
engine works best at between 2,000 and 
000 revolutions a minute (the rate at which 
the crankshaft turns). To permit this while 
the car is moving at anything from 15 to 150 
km/h (9 to 90 mph), the usual manual 
gearbox has a selection of four different for- 
ward gear ratios, through four pairs of gears 
[5]. Selecting low (first) gear allows the 
engine to turn at its working speed while 
driving the road wheels slowly, resulting in a 
greater torque or turning effort needed to 
overcome inertia, heavy loads or a gradient. 
When the car gathers speed and less effort is 
needed to power it, successively higher gears 
are engaged until top may be used. 

The propeller shaft, running under the 
floor along the length of the car, is attached at 
its forward end to the gearbox and at the rear 
to the differential. The differential has two 
functions [7], to "bend" the driving power at 
right angles and feed it to the rear axle and 
wheels and, when the car is steered round 


grip exposed discs. 
Dampers: Shock 
absorbers fitted to 
cushion bounce from 
springs. Half-shafts: 
The two parts of the 

rear axle, taking 
drive from 

the differential, 


LL 


through the coil, 
liver 10,000 volts 
at up to 300 times: 
second to the plugs, 
and must also 
provide current for 
starting, heating, 
lighting and: 
al accessori 
diagram shows only 

5) thestarting, ignit- 
ionand recharging 
electrical systems. 


1 Battory 
2ign 


n koy 
romagnotic relay, 
activated by the key when 
starting, connecting the 
battery to the starter 
motor 
4 Staner motor 
5 Dynamo or alternator, 
driven by the engine to 
recharge the hattery 
6 Control box 
7 Ignition coil 
8 Primary coil 
9 Secondary coil 
10 Distributor 
11 Contact 
12 Rotor at 
13 Spark plug 


weakor 


corners, to allow the outer wheel to travel 
faster than the inner one. 


Electrical system and brakes 
In pre-1907 motoring days, the sole function 
of the battery was to produce the spark for 
plugs (which ignite the petrol-air mixture in 
the cylinders), but today the car depends on 
several electric devices for its operation [4]. 
These are all powered by the battery, which is 
re-charged by a dynamo (or alternator), 
driven by the crankshaft through a belt which 
also turns the cooling fan. The 6- or 12-volt 
battery supplies the coil (an induction coil), 
which produces high-tension electricity for 
the plugs via a distributor. The battery also 
provides current for the horn, lights, heater, 
windscreen wipers, radio and, the heaviest 
drain of all, the starter motor. 
Almost all modern cars, benefiting from 
racing practice, have disc brakes on the front 
wheels and drum brakes on the rear. Some 
cars have all round. Metal discs which 
rotate with the wheels are gripped by statio- 
nary pads when the footbrake is applied (8). 
As the discs are open to the cooling air, heat 


2 Radial-ply tyres 2 
have the cords of the 
inner case braced 

and running directly 
from one side to the 
other without criss- 
crossing. They hold 

the road better and 

last longer than 
cross-ply tyres. 


3 Cross-ply tyres 


are manufactured with 
their cords crossing 
another trellis 
fashion. This pro- 


cept reverse) are 
always in mesh. Those 
onthe output shaft 

[1] revolve around it 
and those on the lay 
shaft [2] are fixed. 


gearwheel is locked 
to the output shaft. 

In first gear, the 
widest ratio isused 
for low-speed driving; 


jecond and third 
ears use progres- 
sively narrower 
ratios, and top gear 


is obtained by coup- 

Jing the input shaft 6 The clutch 
directly to the out- basically made up 
putshaft. Overdrive  ofthree plates: the 


is a separate and 
higher top gear 
fittedtosome cars 


flywhoe! [1], which is 
fixed to the engine 
shaft and rotates 


to reduce wear with it; the driven 
and tear and petrol plate [2], which is 
consumption.ttmay connectedto the 
be engaged auto- gearbox shaft; and 


matically or 
by the driver. 


pressure plate 
[3]. which clamps the 


CONNECTIONS 


Cars and society 
Trattic engineering 


vides equal stiffness 
to both the walls and 
the tread. It is highly 
dangerous to use 
cross-ply and radial 
ply tyres together, 
and in many countries 
this practice is illegal, 


driven plate tothe 
flywheel when the 
clutch is engaged by 
releasing the clutch 
pedal [B]. Disengag- 
ing the clutch by de- 
pressing the pedal 
[A] separates the 
plates so 
flywheel and driven 
plates rotate 
independently. 


is quickly dissipated, avoiding brake-fade, 
the bogey of overworked and overheated 
drum brakes. All four brakes are operated by 
the brake pedal via hydraulic lines. The 
parking (hand) brake operates on the rear 
wheels only, usually by a mechanical linkage. 


igned to give the passengers 
a comfortable, smooth ride, and to protect 
the body and parts of the car by reducing the 
shocks from the uneven surface of the road 
[10]. However, springs alone would give a 
bouncing ride, and shock absorbers are fitted 
to “damp” down the oscillation that the 
springs themselves produce. Traditional 
elliptical or semi-clliptical springs have in 
many cars been replaced by helical or coil 
springs, torsion bar springs (in which a 
twisting action is used as springing), gas-and- 
fluid (combined springs and shock absorbers) 
or rubber springs, or several types combined. 
The front wheels of a car are each mount- 
ed on separate short axles, so that when the 
steering wheel is turned and the movement 
passed to them, each wheel turns on its own 


7 


9 Two main types of 
steering systems are 
commonly used, Rack- 
and-pinion steering 
hasa toothed 

pinion [1] atthe 

‘ond ofthe steering 
column [2], which 


engages withatrans- gear drives a drop 
verse rack [3] arm, and, via atrans- 
movingit right or verse link, a slave 
Jeft as necessary, arm. The power- 
Track rods (4) at \ssistod system is a 
vach end tran: modern retinement of 
themovementtothe steering, which 
facilitates driving 
box system (not larger cars 
shown) has a box by using power 
which housesaworm steering worked by 
reductiongear. The hydraulic pressure. 


axis (the inner one describing a slightly 
tighter arc than the outer). Rack-and-pinion 
steering [9], the most popular of several sys- 
tems, has a pinion on the end of the steering 
column that engages a transverse toothed 
rack. The rack, connected at its ends to track- 
rods attached to each road wheel, is moved 
right or left by the action of the steering 
wheel, steering the wheels in the required 
direction. Power steering makes this easier. 

Until the 1930s, the traditional way of 
building a car was by making a rigid chassis 
(the wheels, machinery and frame). Every- 
thing else was bolted on to the chassis. Now 
many manufacturers use the body itself as the 
frame, When welded together, the pressed- 
steel body panels form a rigid “box”, each 
unit contributing to the strength of the struc- 
ture. Using unit-construction (monocoque) 
methods, cars can be made more cheaply, 
and are considerably lighter than earlier 
models built on a separate chassis. A number 
of small manufacturers produce cars using 
light alloy or fibreglass bodies, which need a 
separate chassis, often a tubular “space- 
frame” on which to build the car, 


7 The differential 
allows one of the 
half-shafts and 

its road wheel to 
rotate more slowly 
than the other wh 
the caristurning, 
although both are 
still being driven, 
thus improving the 


8 When the brake 
pedal is depressed, 
piston inthe 
master cylinder 
forces fluid along 
hydraulic pipes 

to slave cylinders 
on each wheel, 
pushing shoes or 
pads into contact 
with drums or discs. 
(Brake-shoe pads 
are curved steel 
platforms covered 
with tough fibrous 
shoes which acton 
the inside of the 
brake drums. Pads act 
‘on exposed discs 
holding them ina 
vice-like grip.) 


1 Brake podal 
2 Master cylinder 

3 Hydraulic pipe 

4 Brake shoo and lining 
5 Brake drum 

6 Slave cylinder 

7 Drum brakes on 

E Drum brakes off 

9 Disc brakes on 

10 Disc brakes off 

11 Brake pad 

12 Dise 


Key 
Atypical modern 
car has the engine 
mounted at the front 
driving the rear 
wheels through a 
gearbox and prop- 
eller shaft. The 


cornering and re- 
ducing tyre wear. 
‘The two haif-shatts 
take the drive from, 
the differential to 
the road wheels. 


that when the driver 
isturning the steer- 
ing wheel, the rear 


body of the 
car, which is con- 
structed as a welded 
Figid "box"’ from 


inner road whee! 
describes a tighter, 
shorter arcthan the 


roar outor wheel. 
Turning a corner 
would resultin 
tyre scrub and 
loss of handling 
qualities without 
the differential. A 


panels. Many manu- 
facturers design cars 
which can be adapted 
for right- or left- 

hand steering, for 
worldwide sales, 


Differential 


Propeller shat 


the propeller shaft 
turns the crown 
wheel in the diffar- 
ential, which ro- 
tates four bevel 
pinions, allowing 
the half-shafts to 
be driven at 
different speeds, 


10 Without suspension, or twisting resist- 


every irregularity 

of the road surface 
would be transmitted 
tothe occupants of 
the car. Springing 
avoids this problem, 
butto avoid over- 
springiness, damping 
must be introduced. 


suspension | 
with leaf springs (1) 
mounted an the axle. 
Front-wheel suspen- 
sion [B] incorporates 
an anti-roll bar [2]. 

Thisis asteel bar 
attached tothe sus- 
pensionto minimize 
roll by its torsion 


‘ance when acar corn- 
ers rapidly. Itis not 
the bar fitted to some 
carsto preventthe 
‘occupants being crush. 
edif the car turns 

over. Coil springs [3] 
rb road shocks, 
Telescopic shock ab- 
sorbers [C] are often 
called dampers and 
arefitted tothe 
chassis and suspen 
sion to cushion 
bounce from springs. 
Oilis forced 

through the con- 
stricting valves and 
slows down the 
recoil movement. 
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Cars and society 


The internal-combustion engined auto- 
mobile has been in common use for less than 
70 years. At first a toy, then a mode of trans- 
port for the rich, and later part of the pattern 
of living, it was designed as man’s mechanical 
servant, Together with the lorry, it revolu- 
tionized the world’s trade and social life by its 
speed and mobility 

The introduction of cheap, mass- 
produced cars, pioneered by Henry Ford's 
Model T of 1908. brought personal transport 
to ordinary people. They could go almost 
anywhere and the new-found freedom 
created the beginnings of domestic tourist 
industries. More expensive cars became 
status symbols, often representing the wealth 
or importance of their owners. 


‘The threat to society 
Now it is a question of the car's survival or 
demise. Today, with 380 million vehicles on 
the world’s highways, many people think that 
the answer to the rapidly increasing problem 
of pollution and fuel shortages can at last 
clearly be seen. They consider that sometime 
in the future society must forget the 


3° Main battery Float, Control un 


4 Short-range per 
sonal transport is 
provided by this 
experimental urban 
electric car. A 
direct-current 
electric motor 
mounted on the rear 
axle is driven by a 
special 84-volt lead: 
acid battery, which 
gives the car a 
greater range than 
conventional bat- 
teries. A builtin 
charger can be plug: 
ged into a household 
socket and recharges 
the battery in 7 hrs. 
This General Motors 
car has a range of 
93km (58 miles) at 
A0km/h (25mph). 
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automobile as we know it ~a five-passenger, 
four-wheeled vehicle up to Sm (16ft) long 
and 2.5m (8ft) wide using the appallingly 
inefficient internal combustion engine. 
pouring toxic wastes into the air, damaging 
people's ears and minds with its noise, con- 
gesting cities, creating fuel shortages and 
beginning to take away the very freedom of 
movement for which it was developed. There 
may have to be a radical change in size, power 
unit and people's approach to their personal 
transport 


What type of engine? 

All combustion, from that in a bonfire to a car 
engine, produces undesirable by-products — 
carbon monoxide. various unburned 
hydrocarbons and, from cars, nitric oxide 
lead salts, iron oxide and soot in exhaust 
smoke, New regulations governing the toxic 
content of exhaust fumes have done much to 
reduce air pollution, But they cannot (even 
with the most stringent emission curbs such 
as those laid down for the future in the 
United States in 1975, which demand reduc 
tion of around 95 per cent) hope to eliminate 


a 


= 


3 In an experimental 


urban car electric- 
drive system, power 


for accessories is 
taken from either an 
accessory battery or 
through the float 


from 4 
P 4 Ff 


automobile-related pollutants entirely. Simi 
larly, the most vigilant noise-abatement 
organizations cannot hope effectively to 
damp the roar of heavy. under-powered 
vehicles working under stress. And even the 
most ambitious planning of city centres can at 
best clear only a fraction of shopping space 

at the cost of adding to the numbers of vehi- 
cles on the roads elsewhere 

In the short term, current and planned 
regulations will help in certain areas. But 
automobile designers have long been inves 
tigating the day-after-tomorrow, particularly 
with regard to engines, fuels and overall size 
reduction, in addition to various public trans 
port systems such as monorail, hover and 

bullet” trains. 

Modern steam road vehicles have been 
tested for more than 2 their basic 
problems are weight and water supply 
Research continues on low-emission systems 
such as the stratified-charge engine [1]. gas 
turbine, Stirling (hot-air) engine and hybrid- 
electric [Key] (in which such an engine 
powers a generator to charge batteries used 
for cruising). Other possible power units 


years: 


1 The stratified- 2A 
charge engine is in 

effect a conventional e 
petrol engine with a 

modified cylinder 
head and induction 
system. In an ordi 
nary engine, the pet 
rol-air mixture is of 
similar density in 

all parts of the com: 
bustion chamber. In 
the stratified-charge 
unit, Itis riche 


2 Diesel-tuel 
‘exhaust emission 
from a correctly 


near the plug and adjusted engine 
weaker elsewhere, pollutes the air 
The rich mixture near much less than does a 


the plug ignites read: 
ily and the weaker 
mixture burns 
more completely, 


petrol-fuelled unit. 
Of all the toxic fumes 
discharged by any 

type of internal com: 


4 


CONNECTIONS 


See aiso 


bustion engine, invis- 
ible and odour! 
carbon monoxide is 
the most damaging 
A petrol engine pro- 
duces thirty times 

as much as a diesel 
engine. Can A rep: 
resents petrol engine 
‘emission, B diesel 


are pure electric (one of the great goals, 
because electricity supplies can be made 
almost unlimited, but still handicapped by 
heavy batteries and the need for frequent 
recharging), and fuel cell power, which would 
convert conventional fuel energy directly 
into electric power without burning it. This 
would be one of the most significant develop- 
ments of our time, but is not likely to be 
practicable for some years, More than 250 
designs of small electrically powered “city” 
or urban cars have been produced; if the cars 
were made commercially they could help 
congested cities and relieve parking prob- 
lems (three can be parked in one normal 
bay), although light and heavy traffic would 
probably have to be segregated. 


‘The future of the car engine 

Current research has already produced tech- 
nical advances aimed at improved economy 
and ecology, although most of them would, at 
best, provide only temporary relief. The car 
industry has produced the catalytic converter 
[6], a type of de-polluting silencer for use 
with low-lead petrol. Fuel economy has been 


improved by electronic ignition, by steel-ply 
radial tyres which have less rolling resistance, 
by lower rear-axle ratios, scaled-down 
engine capacities and, mainly in the United 
States, the reintroduction of overdrive. 

There are three immediate goals. First, 
future engine design (internal combustion 
engines will probably remain for at least the 
next 15 years) must aim at conserving fuel 
and reducing exhaust pollutants, Second, a 
way of controlling traffic density in cities, and 
its flow elsewhere, must be found. Third, and 
most urgently, greater safety must be built 
into structural design and additional equip- 
ment provided (such as collapsible steering 
columns, rigid “boxes” and deflecting 
properties), not only to combat the injuries 
likely to be received in a collision but also to 
prevent accidents (improved tyres, brakes, 
lights, suspension and visibility) 

Long-term aims must be to find an alter- 
native power system now that oil supplies - 
even offshore supplies ~ are unpredictable. 
And a fundamental reappraisal in society's 
attitude to all road transport, its appearance 
and its function, must be made. 


5 The gas-turbine 
car engine was dev- 


eloped originally by 
the British Rover 
Company, which 
tested the first gas- 


turbine car in March 
1950. It is quiet, 
powerful, has low 
maintenance costs 
and runs on low- 
grade, lead-free tuel. 
But it is expensive 
to manufacture. 


Air in 
Radial compressor 
Compressor turbine 
Fuel in 

Powar turbine 
Exhaust 

Power out 


7 The ideal safety 
car [1] has a rigid 
compartment protect 
ing passengers 
restrained by seat 

belts and head rests, 
The car body is 
designed to absorb 
impact and, ina 
collision, the engine 
deflects downwards, 
and ring 
column collapses, 

The injuries sustained 
by unrestrained pas: 
sengers [2] depend 
onthe speed of the 
collision (here 97km/h 
[60mph]}, but the 
location and type of 
injuries are similar, 


Key 


Batterios 


The hybrid city car 
was developed as a 
possible answer to 
pollution in towns. 
For city and suburban 
use the car runs on 


6 Catalytic con- 
verters, built into 
silencers, have been 
used as a partial 
solution to present 
xhaust pollution. 
Nitrogen oxides ar 
reduced to ammonia 
atthe first catalyst bed 
and hydrocarbons 


9 Deaths in road 
accidents are quoted 
here as the number 
per million vehicles in 
various European 
countries during 
1971, The USA had 
493 per million, and 
Japan about twice 

as many as Belgium. 


10 A puncture at 
speed is extreme: 

ly dangerous -the 
tyre collapses. A 
recent development 
uses a ring of contain- 
ers [A] that burst 
when the tyre deflates 
[B], releasing fluid 
that seals the hole [C] 
and vaporizes to re- 
inflate the tyre [D]. 


Electric motor 


its electric motor, 
but on out-of-town 
journeys the small 
internal combustion 
engine is started. The 
olectric unit is 


and carbon monoxide 
are converted to 
carbon dioxide and 
water at the second, 
The most suitable 
catalyst is pl 
inum but this is 
extremely expensive, 
The system hai 
proved to be efficient 


Petro engine 


used on its own only 
where there must be 
no pollution and 

the petrol engine 
charges the batteries 
at other times. 


enough for some 
manufacturers to re- 
calibrate their 
engines for higher 
peak performance, 
using catalytic con- 
verters to “clean 
xtra pol- 
lution in the 
exhaust gases. 


8 A collapsible 
steering column is 
hinged mid-way 
along at a universal 
joint. With an ord- 
inary rigid steering 
column, a head-on 
collision can make 

tho whee! break off 

and impale the dri- 
ver on the column, 
The collapsible 
column hinges on im- 
pact, absorbs some 


the driver's chest. The 
lower arc of the 
wheel should be 
padded or flat 

to lessen injury. 
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Trams and buses 


Industrialization - the transformation of 
scattered cottage industries into centralized 
factories and offices ~ demands good com- 
muter transport. In the early stages of 
industrialization people moved in from rural 
areas to live within walking distance of their 
places of work, But as the developing cities 
sprawled outwards an efficient system of pas 
senger transport became necessary to feed 
industry its manpower. 

The motor car is inefficient for such a pu 
pose because it takes up far too much road 
space for the average number of passengers it 
carries and produces congestion. And it w 
invented too late to form the basis of a good 
system, Bicycles are a possible solution, but 
few people are willing to ride them in all 
weathers or over long distances. Systems of 
public transport are essential 


Early passenger transport systems 
Cities in Europe and America began to grow 
large enough to need passenger transport 
systems in the early 1800s, when the only 
feasible source of motive power available was 
the horse. The horse-drawn bus might have 


1 The electric tram 
provided the first 
cheap and reliable 
urban transport. It 
travelled along rails 
set flush with the 
surface in the contre 
of the road or along 
a track beside it. 
Current was collec: 
ted either from a 
single overhead wire 
through a sprung 
pole that ran along 
the wire, through 

a bow-shaped collec 
tor or pantograph, 
or trom the ground 
through a collector 
that slid along a 
conduit between the 
rails. The overhoad 
wire formed one half 
of the circuit and 
the street rails 
completed it, wher 
the conduit contain 
ed both positive and 
negative conductor 
rails. The trams 
often ran on separ: 
ately powered bogies 
and they all had 
wooden scoops that 
prevented anyone 
from falling under 
the wheels of the 
vehicle. Both trams 
and trolleybuses 
made use of rheo- 
static braking in 
which the motors 

act as brakes. 


seemed the obvious choice of vehicle, being a 
logical development of the stagecoach, but 
roads were in such poor condition in cities 
that coach-like vehicles gave a very 
uncomfortable ride. The first extensive trans- 
port systems used horse-drawn trams rather 
than buses because rail-borne vehicles not 
only carried people smoothly but also 
allowed a horse to pull twice as many passen- 
gers, because of easier rolling. Medieval 
miners transported minerals by pushing 
wheeled tubs along primitive rails made of 
Wooden beams. The word tram reflects this 
origin, being derived from the Low German 
traam, meaning beam, although Americans 
use the more descriptive word “streetcar” 


From tram to trolleybus 
‘Trams and railways developed together. The 
first city tram network spread through New 
York in the 1830s, at the time when steam 
railways began to appear in Britain, Steam 
soon came to the tramway too and the first 
steam engine to pull a tram chugged its way 
around New York in 1837. Europe lagged 
some way behind — the first horse-drawn 


3 An articulated 
tram makes its way 
through the streets 
of Stuttgart in Ger 
many. Modern tram- 
ways often couple 
cars together in this 
way and thus achieve 
a more economic 
method of operation. 


4 The first trotley- 
buses were intro- 
duced soon after the 
turn of the century by 
the tramway com. 
panies. At first current- 
collecting trolley: 
ran on top of a pair of 
overhead wires, 

but later ones con- 
tacted the conductors 
below them. 


tram network did not open in Britain until 
1860 and steam trams did not appear until 
1872. Europe pioneered the next and most 
important development, however, with el 
tric trams [1] in Berlin in 1881 

Coincident with the development of the 
electric tram came the trolleybus. By the first 
years of this century commercial systems 
were operating in Europe and the first 
English trolleybus routes operated in Leeds 
and Bradford in 1911. Trolleybuses had twin 
poles and overhead wires because the rubber 
wheels insulated the vehicles from the 
ground, (Trams needed only a single wire for 
current pick-up, the circuit being completed 
through the metal wheels and rails.) The first 
trolleybuses collected current through a 
trolley slung on the wires, hence their name, 
but the sprung poles used on trams were soon 
found to be more efficient 

The trolleybus was a silent and fume-free 
form of transport capable of fast acceleration 
and greater manoeuvrability than the tram. 
Trolleybus networks were built where a city 
did not want to afford the expense of laying 
rails for trams and they were often set up in 


2 San Francisco has 
the oldest cable tram 
way, which opened in 
1873, Other hilly 

cities soon intro- 
duced cable-hauled 
trams, In 1884 the 
first cable tramway 
in Europe opened on 
Highgate Hill in Lon 
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don. Other cities 
noted for cable sys- 
terns were Melbourne, 
Kansas City, Edin- 
burgh and Welling: 

ton. Cable trams. 
proved unreliable and 
are no longer in use 
except in San Fran 
cisco and Wellington 


the suburbs to feed the inner tram routes. 

Both trams and trolleybuses had to con 
tend with buses and found the competition 
and more intense. Buses have a long 
history, the first horse-drawn vehicle being 
run in Paris by Blaise Pascal in 1662 


more 


Buses versus trams 
The name bus ~ from the Latin omnibus 
meaning “for all” — appeared shortly before 
the introduction of the first horse-drawn bus 
into Britain in 1829. Steam buses soon fol- 
lowed, but the first motorbus — an elegant 
petrol-driven coach built in Germany by 
Benz ~ did not begin service until 1895, by 
which time trams were well established. 
Compared with trams the 
were small, noisy and smelly and the solid 
tyres gave the passengers a bone-shaking 


early buses 


ride. But buses soon improved and tramways 
began to decline. In the aftermath of World 
War II many disappeared as city councils 
decided to forgo the costs of re-equipping 
their tram 

As motor traffic increased trams often 
impeded cars severe 


and congestion 
5 Motorbuses ware 
introduced to the 
streets of Paris and 
London at the end of 
the nineteenth 


tury. Their petrol 
engines were no 

and smelly, but th 
new buses soon dem: 


occurred, exacerbated by dewirements and 
failures. Buses bes nore 
economic and were more flexible in routing 
than either trams or trolleybuses, and cons 
quently have now almost entirely superseded 
them. Trams still operate in several Euro- 
pean cities and trolleybuses are to be found in 
the USSR and Switzerland. In Britain trams 
still ply the streets only in Blackpool and the 
Isle of Man and all trolleybuses have disap 


peared, the last to go being those of Bradford 
in 1972. 


ame 


power 


Modern tram designs include articulated 
vehicles [3] of several interconnected 
coaches, but flexibility of design has always 
been a feature more typical of motorbuses. 
The descendants of the elegant many- 
doored, open-air touring charabanes of the 
1920s are the luxurious air-conditioned 
toilet-carrying, _reclining-seated, long 
distance coaches of today [7]. The old “any- 
more-fares” city bus is giving way to the pay 
enter, turnstiled bus with few seats 


you 


ge standing area. And minibuses and 
al-a-bus services now carry passengers on 
less busy routes. 


onstrated their 
advantage over the 
tram ~ the ability 
to go anywhere 


served by road 
This type of bus, 

the AEC PS-type was 
developed after the 


7 The Greyhound 
Bus network covers 
the whole of North 
America, its coaches 
providing a cheap 
and reliable means 
of inter-city trans- 
port. Passengers may 
spend several days 
and nights aboard, 


8 A tourist coach 
travels through 

the resort of Sitges 
in Spain. Such ve- 
hicles are often ex: 
travagantly arrayed 
to attract tourists 
and designed to pro- 
vide a view of the 
town rather than 

a means of rapid 
urban transport, 
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The first trams were 
pulled by stoam 
locomotives”, gen- 
erally with vertical 
boilers and side pan. 
els that totally 
enclosed the moving 
parts and whoels. 


‘end of World War! 
from the London 

General Omnibus 
Company K-series. 


This tram renin 
East London in 1887 
Its engine used a 
steam pressure of 
1001b per sq in and it 
burned about 9kg 
(201b) of coal for 

an hour's working 


6 One-man operated 
buses are a recent 
development in urban 
public transport 
Passengers either 
pay the driver or 

buy tickets from a 
coin-operated mach 
ine. The system 
saves on bus com 


ares 


Passengers rode in 
a non-powered 
trailer, with no 
weather protection 
for those on the 
upper deck. Other 
ms had compres- 


pany staff but can 
cause delays while 
passengers are 
boarding the bus. 
For short, high: 
capacity routes in 
cities some trans: 
port companies use 

sstanding-room 
only” vehicles. 


Special purpose vehicles 


Conventional vehicles such as cars and trucks 
are designed to run on firm roads, normally 
with only slight gradients, and carry average 
loads. A special purpose vehicle has some 
extra features. It may be able to travel over 
unusual terrain or to carry a load that is 
beyond the capacity of ordinary vehicles 

For economy, speedy development and 
sometimes reliability, specialist vehicles are 
designed to make the best use of components 
already available. A standard truck chassis 
can be fitted with a special body or be used to 
tow various trailers [7]. Existing components 


can be built on to a new chassis or into a 
monocoque hull welded from flat sheets 


Basic design considerations 

The first consideration must be the type of 
load to be carried. This may be two oil ex 
plorers and their instruments, 30 tonnes of 
timber, or a 120mm gun, ammunition and 
crew, In general, large vehicles are best for 
bulk loads. Off the road their size makes 
obstacles relatively easy to surmount - what 
would be an obstacle to a conventional veh- 
icle becomes less significant, But on the road, 


1 Concrete carriers 
transport large 
quantities of concrete 
that has been mixed 
away from the site to 


where it is needed. 
The drum revolves 
slowly during the 
journey to keep the 
concrete properly 


windscreen folded 
flat and a machine 
gun fitted, the 

Jeep made a good 
Scout car; with 
locally produced 
frames to take 
atretchers it could 
be used as an am: 
bulance. Most rivals 
to the Jeep are 
complex and heavier 


3 The Jeep was first 
The Jeep was adapt- mme 
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many special purpose vehicles are difficult to 
manoeuvre because of their excessive size 

The terrain over which loads are to be 
taken is another important consideration in 
the design of a special purpose vehicle. Soft 
ground calls for running gear that spreads the 
load over a large area to reduce the degree to 
which the vehicle will sink into the ground. 
There must be enough traction to overcome 
the resistance due to sinkage and to cope with 
slippery gradients. The two main choices are 
all-wheel drive or caterpillar tracks. 

A wheeled vehicle tends to be less expen- 
sive and quieter than a tracked vehicle 
Extremely large wheels are fitted to small 
vehicles, making them as good as tracked 
vehicles on soft ground and giving the added 
advantage that, with low-pressure tyres, they 
can float. In some so-called all-terrain vehi 
cles (ATVs) the tyres are so broad that the 
wheels cannot be pivoted for normal steer 
ing. Instead they employ “skid” steering by 
driving the wheels on each side of the vehicle 
at different speeds, 

For a given size and weight, caterpillar 
tracks grip better than wheels and distribute 


mixed, The con 
venience of off-site 
mixing justifies the 
cost of transporting 
concrete by road. 


2 Tracked commer. 
cial vehicles are 

used in snow and on 
marshy ground. In 
the Arctic areas of 
Alaska, Canada and 
tho Soviet Union they 
are used by the timber 
industry and by oil 
and ore prospecting 
companies. They 
range from small 
tractors for hauling 
sledges, and slightly 
larger personnel car 
riers with heated 
cabins, to huge 40: 
tonne load platforms 


the vehicle's weight more evenly, making 
them a good choice for cross-country use. 
Tracked vehicles aso have a fuel 
consumption in heavy conditions, They are skid- 
steered by driving the tracks at different speeds, 


lower 


Suspension for cross-country work 
The type of suspension is determined by the 
speed at which the vehicle has to travel over 
the roughest ground it is likely to encounter. 
Trucks and cars designed for smooth roads 
have only slight suspension resilience. If 
driven fast across country their suspension is 
liable to break. For this reason, vehicles 
adapted with only minimum modification for 
off-road use have a “hard” suspension giving 
the driver such an uncomfortable ride that he 
will not go too fast, Agricultural tractors and 
their derivatives norm 
they manage without any suspension at all 
although wheeled tractors have resilient 
tyres, producing bounce, Tracked “cı 
tractors have no resilience; they are slow and 
are used only for heavy work 

The prime examples of fast cross-country 
machines are armoured fighting vehicles 


lly operate so slowly 


awler 
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(AFVs), such as tanks, with tracks and 
suspensions of high resilience. Vehicles such 
as earth-movers would benefit from suspen- 
sions when hauling “spoil” but at present an 
increased operating speed would not justify 
the extra cost that would be incurred 

A small European family car carrying the 
driver alone has power in relation to the veh- 
icle weight of about 60bhp per tonne, 
whereas an expensive sports saloon might 
have 180bhp per tonne. At the other extreme 
the European limit for trucks is a minimum of 
Sbhp per tonne (6kW/tonne) and manufac- 
turers have problems achieving this modest 
power for large trucks at the limit of 38 
tonnes laden weight (requiring 304bhp). 

For economy of operation, a diesel engine 
is supreme in commercial vehicles, unless the 
vehicle is small or high power output is 
needed for minimum weight, when a petrol 
engine is a better choice. 

Generally the transmission ~ the linkage 
that connects the drive from the engine to the 
wheels or tracks ~ must suit both road jour- 
neys at relatively high speeds and slow, heavy 
work across country. It must also provide the 


4 The Coles Col- 
ossus is a 28-whooled 
truck designed 

as a crane carrier 

It has hydro-pneu: 

matic suspension and 
the engine is a Rolls- 
Royce 300hp turbo: 
charged diesel. Sec- 


tions can be added 
to the jib-strut 
crane in order to 
convert it into a 
tall tower crane. 


power for winches and other equipment 
Except in simple vehicles, the transmission is 
usually as heavy as the engine 


Steering a special purpose vehicle 
Short tracked vehicles can be skid-steered. A 
long narrow vehicle is built in two parts, with 
a powered and articulated joint in the middle, 
and the vehicle steered by “bending” it side- 
ways at the joint. Such vehicles have a good 
performance on soft soil such as clay or on 
snow. In the same conditions, a wheeeled 
vehicle should have wheels of a large 
diameter rather than of broad section, but 
there is seldom enough room to fit them. A 
sharp tread on the tyresis necessary when the 
surface is weak. In dry sand fat tyres perform 
well, but the tread should not bite deep and 
make the sand grains flow from under the 
wheels of the vehicle. 

Reliability is difficult to achieve in special 
purpose vehicles. Often their use cannot be 
simulated accurately in trials and over- 
insurance in design - making all parts 
stronger than necessary — must be avoided or 
the vehicle will be excessively heavy 


7 A basie truck [A] 
can have various 
types of vehicle 
bodies, such as a 
plain van [1], side- 
entry van [2], rubble 
skip [3], dust cart 
14], tipper [5], open 
truck [6], liquid gas 
carrier [7] or cement 
carrier [8]. It can also 
be adapted to tow a 
trailer [9]. One 
tractor [B], with 
different semi- 
trailers to form 
iculated units, 
good manoeuvrability 
and allowing full and 
economic use of the 
vohicle. Such trailers 
include flat open 

type [10], ch 
wagon [11], tanker [12] 
car-transporter [13], 
container-carrier [14] 
and, to facilitate the 
loading of very heavy 
items, the low-loader 
[15]. Suitably adapted 
these can tow extra 
trailers in the long 
“road-trains” common 
in the United States. 


A tipper truck justi- 
fies a special design, 
because its body is so 
short. The loads it 
carries are mass- 

ive yet consist of 
mall particias, such 
sand. The tipping 
mechanism allows 
rapid unloading by 
the driver working 
alone, so providing 
economy and a rapid 
turn-round time. 


q 


8 This riot vehicle 
weighs 20 tonnes, ha 
bullet-proof steel and 
glass for protection, 
and carries a 15-man 
squad, It is armed 
with a water cannon, 
and 

a high-intensity siren. 
it can assist auth: 

in controlling 
crowds and rioter 
situations where mini- 
mum force is desired. 


5 The racing car's 
wedge shape and its 
fat tyres increase 

its speed through 
bends, but both raise 
wind resistance and 
thus lower top speed. 


6 Swamp buggies like 
this Danish Seiga 
“Tortoise” use largo, 
low-pressure tyres 

to carry men and 
materials over inland 
waters and soft mud, 


3 A combat engineer 
tractor, with tracks 
and an aluminium 
armoured hull and 
capable of 56 km/h 
(35 mph) on land, can 
perform a variety of 
digging and dozing 
tasks in the battle. 
field, Powered by 
water jets, it can 

travel through wat 
and, using a rocket- 
propelied anchor, can 
winch itself up steep 
river banks and pre- 
pare ramps for other 
amphibious vehicles. 
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Small technology and transport 


Physical communications ~ basically roads 
and railways to transport people from place 
to place — are an essential ingredient of prog- 
ress, When irrigation canals were built in 
Indonesia more than half a century ago, the 
building of roads parallel to the canals did not 
seem worthwhile. But the lack of such roads 
led to a decline in standards of inspection and 
maintenance and as a result the canals 
steadily deteriorated. Today, to transport 
additional food for growing populations, the 
canals are being rebuilt - with service roads, 
and costing much more than they would have 
originally 

An adequate transport system is equally 
necessary for the distribution of food and for 
the more general trade without which there 
can be little continuing improvement in the 
quality of life in any community 

The basic ingredients of physical 
communication are products of technology. 
The richer the community, the more sophisti 
cated the technology that develops. Progress 
is the result of man’s mastery of the world he 
lives in and of his ability to use the resources 
within his reach. In regions in which modern 


1 Low-cost methods ’ 
of road construction 
vary according to 
the climate and avail 
ability of materials 
and labour. The basic 
principles are 
universal and the 
following alterna- 
tives to more gener: 
ally accepted methods 
can often be adapted 
to suit varying situ 
ations. To build an 
the 
to 
clear trees, shrubs 
and roots |1]. Trees 
are cleared to keep 
the road in sunshine 
and therefore dry. 
The topsoil is re- 
moved [2] and dumped 
not closer than 8m 
(26ft) from the cen- 
tre of the road. 
Wide side ditches (3) 
are dug and soil from 
them spread to raise 
the road level be: 
twoon them. The road 
surface is compacted 
by rolling [4], en 
suring a cross slope 
(for drainage) of 
not less than 1 in 
20. The ditches must 
bbe graded along 
their length so that 
excess water can run 
away [5]. The ori- 
ginal topsoil should 
be relaid on the 
ditch slopes to 
encourage the growth 
of grass [8]. A water 
proof surface can be 
given to a compacted 
earth road [7] by 
spreading a layer of 
Sem (2in) stones, 
then brushing and 
watering in finer 
grades of crushed 
stones to fill the 
spaces. A final 
rolling produces a 
dense surface |8]. 
Bridges can be built 
using a number of 
standard prefabricated 
timber sections sup: 
ported on an iron 
beam and fixed to- 
gether with inter. 
locking metal plates 
(shown in inset) 
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mechanized road building and modern trans- 
port is too costly for the local communities, 
and where progress is limited by the lack of 
adequate physical communication, there are 
two ways in which the problem can be solved. 
The first is by foreign aid — the system in 
which the richer nations provide the poorer 
ones with money, materials or trained per 
sonnel, The second is by the use of simpler, 
less costly technologies. Even where outside 
aid is available, it may be more productive to 
use it for a wide range of schemes based on 
low-cost local technology than on a few 
highly sophisticated and correspondingly 
more expensive projects. 


Building low-cost roads 

‘The principles of road design are simple, and 
road building can also be a relatively simple 
process [1, 2]. Earth, and sometimes rock, 
must be moved and stones must be quarried. 
crushed, collected and spread according to a 
plan. The checking of levels is important 
because the drainage of the finished road 
depends on it. But even levelling does not 
require expensive instruments and techni: 


ques, A cheap but accurate method uses a 
length of transparent plastic tubing with its 
ends tied along a pair of wooden rods. The 
rods are placed upright on the ground and the 
tubing filled with water. If the rods are 
graduated, say in centimetres, from the 
bottom up, the difference in ground levels 
where each is placed can be quickly found by 
reading off the height of the water-level in 
each tul d subtracting one from the 
other. The tube can be up to 30m (100ft) 


‘The building of bridges 

Some roads have to cross a watercourse. It 
may be possible to construct a shallow ford, 
but the roadway under the water will be 
quickly worn away unless it is made of well 
cured concrete. In most cases therefore, a 
bridge is needed. 

In the Western world a modern road 
bridge is generally a structure made of rein 
forced concrete or, for longer spans, steel 
Both materials have advantages where the 
loads to be carried are frequent and heavy 
But this does not mean that they are neces- 
sarily the best for a bridge carrying light 
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traffic in undeveloped areas where cement 
and steel has to be brought at considerable 
expense from distant sources of supply, and 
yet where suitable timber, quarried stone 
and bricks may be available locally. Before 
the general use of iron (from about 1830) and 
concrete (from about 1890), most bridges 
were built of masonry or timber, or a 
combination of both. 

The design of bridges is not usually consi- 
dered a field for standardization. Buta recent 
scheme by the forestry department in Kenya 
has shown that enormous savings in cost can 
be achieved by standardization. A British 
civil engineer working for the department has 
designed a standard 30m (100ft) timber truss 
panel made from Kenya cypress. The panels 
are prefabricated at a central workshop, car- 
ried to each site and joined together there to 
form a bridge with a carriageway running 
over the top cord, Two panels set parallel to 
cach other, can safely carry a 20-tonne truck. 
If a route has to be upgraded for heavier vehi- 
cles, more panels can quickly be added to an 
existing bridge 

For longer bridges intermediate timber 


2 Earth-and water- 2A 
bound roads can be 
built without costly 
modern machinery 
The 2.4m (Bft) drag 
grader [A] has 
metal edges and is 
drawn by two oxen. 
This form of grader 
was used on the con: 
struction of many 
early US roads. 

One man can shift a 
load of soil with a 
team of oxen and 

a fresno scraper [B]. 
itis made from a 
strong oil drum, 

The steel-nosed 
V-drag [C] is used 
for cutting ditches. 


3 


3 The ox-cart is 
still the most widely 
used load-carrying 
vehicle in the rural 
areas of most of 

the world’s devel 
oping countries. 
Among its advantages 
is the fact that, 

unlike a motor 
vehicle, itis 

simple to maintain, 


easy to repair and 
uses the energy of 
fodder and not of 

oil. The ox causes 

no air pollution and 
provides manure as a 
valuable by-product. 
The main disadvan- 
tage of the tradi 
tional ox-cart is 

the energy wastage 
due to primitive 


piers can be built up from the river bed to 
support two or more spans. A pilot project 
has been set up that produces an average of 
one bridge span every three days. Some steel 
is used for panel couplings and ties, but most 
of the bridge is built from local materials, 
using local labour. Asa result, the proportion 
of imported (and hence expensive) materials 
is kept to a minimum 


Low-cost transport 

Modern motor vehicles may be necessary for 
carrying heavy loads in rural areas, but 
medium-sized loads can be transported by 
traditional means provided friction and gr: 
dients are kept to a minimum. The systematic 
construction of roads provides an oppor- 
tunity for avoiding steep gradients. It also 
ensures a smooth, hard road surface on which 
rubber tyres roll with a minimum of friction 
Modern wheel bearings eliminate the other 
main source of friction. By such means [3] an 
ox-team can be used to carry heavier loads 
more efficiently. Other means of providing 
low-cost rural transport depend on the loc: 
environment and materials, 


4 Where there are 
water routes tho 
barge provides an 
economical method of 
transporting heavy 
loads, In constal 
China an experiment 
in the mass-produc 
tion of reinforced con- 
crete sampans has re- 
sulted in a cheaper 
product with a longer 
life. The six- and 
ten-tonne sampans 
are hand-built upside 
down over a pit, 
using prefabricated 
bulkheads over which 
steel rods and wire 
mesh are laid before 
cement platering. 


wheel bearings and 
the friction between 
solid wheels and 

the road. By fitting 

the back-axle, wheel 
and tyre assembly of 
scrapped automobiles, 
the disadvantages of 
the ox-cart can be 
overcome at low cost 
to produce a more 
efficient vehicle 


Key 
A 


A well-designed 
road does not collect 
water [A] but allows 
itto drain off [B] 

John McAdam (1756- 


1836) first applied 
the basic prin: 

ciples of a service: 
able road — itis the 
subsoil that supports 


the traffic and any 
soil sufficiently 
compacted and kept 
dry can support any 
reasonable weight 


c 


5 The cycle rickshaw 
is a cheap and con- 
venient form of 
transport in several 
South-East Asian 
cities where there 

are marked differences 
in earnings and much 
unemployment. It often 
competes directly 
with the more sophist- 
icated buses and taxis. 
Opinions may differ 
about the moral 
desirability of public 
transport propelled 
by human energy, but 
cyclists such as the 
one seen here resting 
are able to work 

and support their 
families as well as 
providing a service, 
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Locomotives 


The spread of railways, which transformed 
life in the nineteenth century, is linked 
inextricably with the steam locomotive. To its 
devotees the steam locomotive was one of the 
most romantic and beautiful machines ever 
built. It first appeared in 1804 in a simple ver- 
sion [1] invented by a Cornishman, Richard 
Trevithick (1771-1833). 


Early rail systems 

The first steam locomotives to do useful work 
were ordered and used by coal mines in 
northeast England in 1813-20, In 1825 a 
public railway was opened between the 
English towns of Stockton and Darlington. It 
had been planned for horse traction, but 
George Stephenson (1781-1848), a leading 
builder of colliery locomotives, persuaded 
the directors to operate a steam locomotive 
hauling trains heavier than horses could 
manage. The success of this line led to the 
much bigger and more important railway be 
tween Liverpool and Manchester. It was 
opened in 1830 after bitter opposition from 
landlords, coachmen, canal bargees and the 
large sector of the population that abhorred 


1 The first commer- 
cial locomotive was 
built by Richard 
Trevithick in 1804 
for the Pen-y-Darran 
ironworks in South 
Wales. It had four 
driving wheels but 
no leading or trail- 
ing wheels. The 
flimsy track was 

not strong enough 
and broke frequently. 
But Trevithick had 
proved two important 
Principles: loco 
‘Motives with smooth 
wheels could run on 
smooth rails and 
they could haul 
substantial loads. 


any change and considered smoke-spouting 
locomotives to be engines of Satan. Against 
spirited competition, Stephenson's Rocket 
[2] was chosen to provide the motive power 
It was small and light enough to run on only 
four wheels without breaking the flimsy iron 
track. Thanks to steady improvements in 
manufacturing, it became possible to make 
boilers stronger, cylinders and pistons more 
accurate and better fitting, and the whole 
locomotive capable of developing more 
power at higher speeds. 

For a century steam locomotives pro- 
vided nearly all the traction for the world’s 
railways, There were no dramatic technical 
advances but size, power and speed grew 
constantly, In Europe many rail systems used 
excellent track, capable of bearing 100-tonne 
locomotives running at up to 160km/h 
(100mph), But in the United States in early 
days, and in most other young, developing 
countries, track was lighter, and often badly 
laid by men racing to complete more miles 
each day. This called for more wheels to 
spread the load, Engines came to be iden. 
tified by their wheels, so that 4-6-2 desig 


4 Electric traction 
was introduced in 
1890 on the City & 
‘South London under 
ground railway in the 
heart of London, 


enger trains, had a 
four-cylinder com- 
pound engine with a 
4-6-2 "Pacific 
wheel arrangement 


6 Britain's Mallard 
set the world steam 
speed record at 203 
km/h (126mph) in 
1938, pulling a 
seven-coach train. 


5 Class 53/6 of the 
Bavarian State Rail 
way, dating from 
1908 and used to 
pull prestige pass 
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nated the number of leading, driving and 
trailing wheels. Speeds were limited and 
seldom exceeded 80km/h (SOmph), apart 
from one or two short record-setting runs 
The steam locomotive had reached its 
zenith by the 1930s. European “steamers” 
were clean, splendidly painted in the livery of 
their operating companies and, when 
designed for express passenger haulage, 
often capable of reaching 160km/h 
(100mph). American locomotives tended to 
be more utilitarian, Demands for greater 
Power led to increases in size until they 
became the biggest land vehicles in history 


Electric locomotives 
The first rival to steam came in the form of 
the direct-current electric motor, adopted in 
cities (especially in underground railways), to 
avoid smoke pollution. 
ran at an exhibition in Berlin in 1879, Soon 
countries such as Switzerland and Norway 
found that it was cheaper, with the develop 

nent of hydroelectric power, to generate 
electricity than to burn brow 'n coal or wood, 
and their networks becam: 


The first electric train 


all-electric 
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See siso 


2 The Rocket was the 
first mechanically 
propelled vehicle to 
become world 
famous. Designed by 
George Stephenson, 
it had an 0-2-2 whee 
arrangement and a 
more advanced type 
of boiler with 
heating tubes. It 
won trials held by 
the new Liverpool 
and Manchester Rail 
way in 1829 and, 
without a train, set 

a record speed 

of 47km/h (29mph); 
at last man could go 
faster than horses 
could carry him, 


3 The General, built 
for the Western and 
Atlantic Railroad in 
1856, typifies the 
‘engines that opened 
up America’s West. A 
4-4-0, it could run 
on poor, unfenced 
track. A cowcatcher 
deflected animals 
and a huge funne! 
arrested sparks. 


Today the electric motor, with its linear 
arded as the 
best form of traction for railways but the huge 


form under development, is re 


capital costs impede its introduction except 
i the busiest routes 
French Railways demonstrated that electric 


As long ago as 195 


trains of conventional type [9] could run at 
more than 320km/h (200mph). but average 
speeds of public trains have risen only slowly 
New Tokaido line [10] 
uchieved a sudden jump in speed because the 
line was laid for high speed, Even so. track 
und trains need constant maintenance 


The Japanese 


Diesel power 
About 1920. the first diesel locomotives and 
ra ame into general use, powered 
by compression-ignition oil engines devel 
oped by the German Rudolph Diesel 
(1858 Though often noisy. diesel 
engines pick up speed faster and convert 2 
to 45 per cent of their fuel energy into useful 
haulage. whereas the fuel efficiency of steam 
traction seldom exceeded eight per cent 
Despite greater cap 


tives gradually 


rs 


1913) 


ner 


al cost, diese! locomo 


ousted steam from 1935 


7 The “Big Boy" class & 
of the Union Pacific 

were the heaviest 
jocomotives built 

540 tonnes), With a 
4-8-8-4 layout, they 
hauled heavy freight 
trains in the Rocky 
Mountains at up to 

120km/h (75mph) 


10 New Tokaido 11 Typical of the 


trains began running locomotives of today 
between Tokyoand is a diesel-electric 
Osaka in 1964, With built in Montreal in 


12,000hp per train, 
the new electric 
route of 515km (320 
miles) is covered in 
three hours, but 

ts are high 


1972 for East Africa. 
Devoid of frills, it 
Spreads its weight on 
eight axles in two 
pivoted bogies and 
can haul big loads. 


Ma 
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onwards, until today steam engines are con: 
fined to a shrinking number of 
Africa and Asia and a few 
elsewhere 
stopped 
working, and can run at close to maximum 
power for hours at a time with no strain on 
either machines or crew (in contrast to the 
grimy slavery of the former stoker, or 
fireman, on the steam footplate). Many 
diesel locomotives run more than 160,000km 
(100.000 miles) a year and modern examples 
are highly reliable, versatile and relatively 
efficient, as well as being fast [11. 12] 


ways in 
local 
Diesels can be started and 
asily. burn no fuel when not 


lines 


Only in the smallest sizes does the diesel 
engine drive the wheels through a mechanical 
gearbox, as on a lorry. Generally the wo are 
linked hydraulically or electrically. Hydraulic 
transmissions are arrangements of turbines 
linked by oil under high pressure, and they 
can transmit smoothly 2,000 horsepower 
with any ratio between input and output 
speeds, In the diesel-electric locomotive the 
engine drives a generator or alternator. This 
is used to supply current to traction motors 
similar to those of electric locomotives. 


The double-action 
engine used to drive a 
steam locomotive 


uses superheated 
steam generated in a 
heating-tube boiler 
Steam entering the 
cylinder |A] drives 
the piston back and 
xhausts steam from 


the other side of 
the piston. [B] 
shows the mid, 
position, with both 
inlet valves closed. 
In [C], steam is lod 
to the other side of 
the piston and the 
cycle is repeated, 
The exhaust steam 


passes directly into 
the atmosphere, and 
this wasted energy, 
coupled with the 
design of the boiler, 
gives this type of 
steam engine the 
remarkably low 
efficiency of only 
eight per cent 


8 The Beyer-Garratt 


(4-6-4 + 4-6-4) of 
Rhodesia Railways 
shows how articu 
lated design can fit 


powerful locomotives 
to light track. The 


boiler supplies a 
Pair of engines piv 


oted at their ends, 


9 Class CC 7100 of 
the SNCF (French 
Railways). pulling a 
light train, ran at 
331km/h (205mph) 
n March 1955. It 
was a standard 
electric locomotive 
modified with a 
high gear ratio. 


12 The High Speed 


Train, introduced by 


ish Rail in 1973, 


set a world record 
tor diesel trains 


when it reached a 
Speed of 230km/h 
(143mph), Put into 
general service in 
1976, it has a light 
but powerful diesel at 
each end and with 
4,500hp can carry 
passengers at 
200km/h (125mphi, 
To increase normal 
service speed t 
250km/h without 
major alterations to 
track and signals. For 
speed, tnis was 
overtaken by the 
French TGV, 
introduced into 
service in 1981. But 
the TGV relies on a 
specially built track 

n which it can travel 
at speeds of 160 
moh, 


507 
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Railway transport 


Man built railways long before he built steam 
engines and before he had even mastered the 
basic technology of engineering with iron and 
other metals. The earliest railways were con. 
structed of timber and were in operation not 
ater than the fourteenth century. They were 
built to overcome the severe limitations of 
other forms of land transport. The provision 
of a purpose-built track avoided pot-holes 
and ruts and deterioration due to the weather 
and simultaneously reduced the friction and 
rolling resistance of vehicles so that a given 
force could transport a heavier load 


‘The first railways 

Most railways built before 1825 [1] were 
what might today be called tramways. They 
ran over distances of 3km (2 miles) or less 
and carried a single commodity such as coal 
or stone (for example between a mine or 
quarry and a loading wharf for ships) 
Wagons were pulled by horses or by human 
beings. Rolling stock was solidly made of 
wood, reinforced and joined by metal 
Wheels were crude, but the smoothness of 
the track meant that they could be much 


4 Underground trains 
have been carrying 
the workers of the 
world’s major cities 


since London's Met 
ropolitan line opened 
in January 1863. 

In its first year the 


4 New York 


Berti 


smaller than those for carts and coaches run 
ning on roads. The track, variously of wood 
or iron, was built with inner, outer or double 
flanges to keep the trucks running along it 
At first trucks were pushed individually 

Then growing traffic led to two or more being 
coupled together, by simple iron links or even 
by ropes, to operate as a train. Usually the 
horses or human beings had to push only over 
short sections or on the return journey, the 
falling gradient from a pithead to a wharf 
being mainly downhill. Often a horse would 
ride down in an empty truck, ready to pull the 
unladen train back to the mine again. There 
was no signalling or traffic control and the 
absence of brakes meant that coal-laden 
trains ran downhill completely out of control 


Improvements and standardization 

Not until after 1820 were crude friction 
brakes fitted, but the really big advance was 
the invention of powerful air, steam and 
vacuum brakes, The air brake, introduced by 
George Westinghouse (1846-1914) in 1869 
[6]. cut the stopping distance needed on level 
track by as much as 90 per cent 


line carried 9.5 
million passengers. 

Today the entire Lon 
don network carries 


about 2.5 million 
passengers each day. 
Trains of some major 
cities are shown here. 


Montreal 


By 1820 several of the variable features 
had been firmly decided upon. Track was no 
longer of wood but of iron, with high- 
strength steel in standard sections following 
at the end of the 1860s. The flange was no 
longer on the track but on the inner edges of 
the wheels, which were fixed in pairs to the 
axles. Although not understood at the time 
this feature enabled trains to run faster and 
more smoothly 

Rolling stock had to be designed to fit the 
loading gauge of the line so that no part pro 
jected far enough outwards or upwards to 
strike a tunnel, bridge or signal. The restric 
tion of the loading gauge meant there were 
capacity advantages in making vehicles 
longer, but they had to run round corners 
without forcing the flanges off the rails. Most 
early stock had only two axles, By 1845 
three-axle goods and passenger stock was 
common, all axles being held in axte-boxes 
fixed to the vehicle frame. By 1875 the big. 
gest coaches were fitted with pivoted two- 
axle bogies, which allowed increased length 
and reduced the minimum radius of curve 
that could be traversed. 


1 Early trucks ran 2 
on wooden rails. In 
variably the plain 

wooden wheels were 
kept on the track by 
flanges, grooves or 

other guideways 

built into the track 

This truck hauled 

iron ore in the 1500s. 


2 Railway gauges 
throughout the world 
range in width from 
Stt 6in (1.68m) to 

less than 2ft (60cm) 
Most European coun: 
tries, and North 
America, use the 
standard gauge of 

4ft B.5in (1.43n 


CONNECTIONS. 
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3 Early passenger 
irs established the 
joa that thero 
should be three dif 
ferent classes of 
accommodation for 
rail travellers, 
priced at different 
levels, Third class 
[Al was simply an 
open truck, second 
class [B] had bench 
seats and first 
class travellers 
were housed in some: 
thing resembling 
three opulent horse 
carriages ona single 
chassis |C]. All these 
had to be designed 
to function together 


By this time trains often comprised 12- 
bogie passenger cars, or had standard coup. 
lers, and the different operating authorities 
gradually standardized on preferred systems 

In the twentieth century it became neces 
sary to try to standardize rail gauges [2] and 
to fit all rolling stock with standard braking 
and control systems, vehicle heating and 
lighting supplies and, above all, with standar. 
dized couplers. Early couplers were merely 
heavy hooks and links, connected by hand 
but by 1925 automatic couplers were begin- 
ning to come into use. These resembled 
strong claws that could snap shut by merely 
pushing vehicles together and prevented an 
individual vehicle from overturning if its 
Wheels should come off the track [5] 


Railway passenger transport 

The carly years of the twentieth century saw 
the growing construction of urban under 
ground or rapid-transit railway systems. This 
led to a fresh class of rolling stock [4] 
designed for passenger transport only, often 
with a small loading gauge for underground 
lines and propelled by electricity (picked up 


from one or two extra current-carrying rails). 
Unlike most earlier trains these were pow- 
ered by electric motors placed along the 
train, instead of having a separate locomotive 
to move the rolling stock 

Such “multiple unit” (m.u.) trains are 
completely flexible in that they can be made 
up of any number of small groups of cars and 
can run equally well in either direction. They 
are also capable of rapid acceleration and 
braking because they have a very high ratio of 
power to weight and powerful brakes. Some 
have been fitted with rubber tyres (to reduce 
noise) and almost all have power-driven 
sliding doors. The latest stock is fitted with 
automatic control so that if a driver rides with 
the train he does so only as a passive overseer 
Similar technology operates on long-distance 
passenger trains for surface use. Propulsion is 
being applied to most or all axles right along 
the train and water-turbine brakes are fitted 
to slow trains down from very high speeds 
The latest trains have bodies that can tilt 
smoothly on bends [Key]. Steel and wood 
have given way to light alloys and fibre- 
reinforced plastics 


5 Couplings between 7 
railway wagons began 
as simple hooks and 
chains [A] with but 
fers to absorb the 
shock. Automatic 
couplers and uncoup. 
lors [B] were intro. 
duced in the USA in 
1882 and led to to 
day's buck-eye coup- 
ler [C]. Some include 
connections for the 
brakes, electrical 
controls and heating 
Instead of butters 
American wagons 
have “draft” gear that 
uses springs, friction 
or hydraulics to ab- 
sorb operating shocks 


6 George Westing. 
house's pneumatic 
brake, patented in 
1869, is used more 
widely by railways 
than any other type. 
The brake pipes are 
kopt full of compress- 
ed air. When the 
brake is applied air 

in the main pipe (1) 
escapes. Auxiliary 
reservoirs [2] that still 
contain compressed 
air are then auto: 
matically connected to 
the brake cylinders, in 
which the pistons [3] 
move outwards and 
force the brake-shoes 
on to the wheels, 


The most advanced 
rail rolling stock of the 
early 1980s is that of 
the British Rail Ad 
vanced Passenger 
Train (APT). it 


7 Modern freight 
stock is designed to 
carry particular kinds 
of commodities. 
Vehicles have now 


has a dramatically 
lightened body and a 
new form of bogie 
designed to exceed 
250km/h (155mph) 
even round the bends 
of oxisting track 


probably reached the 
Maximum size that 
can be accepted with 
today’s track but 
research by British 
Rail from 1963-8 
‘opened the way for 
froight trains of the 
future to run with 
Greater safety at 
speeds of at least 
235km/h (145mph) 


nial (USA) 


EL 


Railways of the future 


The railways of the future will probably not 
involve any spectacularly new principle but 
will be developments of those we use today. 
Most rail administrations have built their 
entire system to a stereotyped model, with 
two steel rails of a particular type separated 
by a “gauge” of about 4ft 8.5in (1.43m), 3ft 
6in (1.07m), 1 metre (3. Bft) or Sft 6in 
(1.68m). Sums of money equivalent to hun- 
dreds of millions of pounds were invested in 
this track and, in today's economic environ- 
ment of inflation and rapidly rising material 
and labour costs, it is not easy to see how any 
major change can ever occur. Only in a place 
with no existing railway at all can new railway 
principles be adopted without the financial 
loss of scrapping an existing system. Yet 
already much is being done to improve effi- 
ciency of “traditional” two-rail systems. 


Rewarding trends in railways 

One of the most rewarding efforts is the 
elimination of traffic bottlenecks, level cross- 
ings, sharp bends and permanent-way 
restrictions of all kinds. Another improve- 
ment is to construct the track in a different 


a 


railway of the fu- 
ture using the same 
track as today, 
Freight cars enter 

the yard over the 
hump in the fore- 
ground, roll down 

the slope beyond, 

are scanned by an 
electronic eye and 
switched to the cor 
rect track. They are 
‘slowed and halted by 
hydraulic retarders 
the rails which 
z0” the wheel 
flanges. The whole 
process is under 
‘computer control 


‘The British track in 
the foreground, laid 
on prefabricated con- 
crete base sections, 


k away 
from the established 
form and spacing of 


con: needs no ballast and 
ing de- in theory little at- 
veloped to reduce tention for years. In 


costs, especially the a large rail system 
cost of maintenance. this type of advance 


way. Instead of laying rails and ties (sleepers) 
on a bed of ballast, which constantly needs 
attention, track could be made up into 
Prefabricated concrete-based sections laid 
directly on to firm ground [2]. The mainte- 
nance cost of such track could be cut to less 
than one-tenth of that of a traditional track. 
Another vital area for improvement is 
automatic train control. Today railways are 
introducing electronically based control and 
communications systems [1]. These involve 
fixed beacons or cables laid along the track 
for communication between trains and a 
control centre with a computer (3). Trains 
can be started automatically, accelerated at 
an exact rate, held to precisely the best speed 
at all times and ‘automatically guided on to 
the right track or made to comply with any 
special limitations. Any emergency can be 
instantly known throughout the system, the 
computer changing its program to re-instruct 
all traffic, Using early forms of such control, 
city transit systems such as San Francisco's 
BART and London's Victoria Line have, 
since their first day, been operating 
automatically, the driver riding as a pas- 


ye 


would save a larger 
sum than the total 
annual bill for the 
cost of the energy to 
drive the trains. 

The possibility of 
eventually changing 
toa different form 
of track is remote, 


3 Automatic train 
control — applying 
the brakes when a 
train is approaching 
an obstruction ~ has 
been employed on 
railways in Britain 
for many years. But 
this fully automatic 
system is still in the 


senger to keep an eye on things 

Use of such automatic control, coupled 
with arrangements for bringing trains to rest 
in a safe distance, has been allied with 
advances in the design of rolling stock to 
allow dramatic increases in speed, One 
alternative to the traditional railroad is the 
monorail [Key], which has been in use for 
‘most of this century in various forms. Its main 
advantage is not extra speed but the fact that 
it is easy to erect on stilts across a city, 

With changes to the track, speeds greatly 
in excess of 250km/h (15Smph), beyond the 
limit for conventional track, will be Possible. 


Wheels obsolete 

The most radical new developments in the 
final quarter of this century involve the 
elimination of wheels. High-speed vehicles 
can run along smooth tracks by air-cushion 
lift or magnetic levitation [Key]. Although 
both methods demand the consumption of 
energy - doing what the wheel does for 
nothing — the wheel-less train can run much 
faster than a wheeled one and needs less 
costly track. By getting rid of any contact bet- 
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Hydraulic rotardor 


Aset of “wiggly wire” shown on equipment 


conductors is laid in the cab as a digit, 
between the running say a number 1. If 
rails of the track a second wire runs 
and the electric cur- in the opposite direc- 


tion to the first, 

its currant effective- 
ly cancels that of 
the first wire and the 
equipment records 
the number 0. In this 


rents in them detected 
{using induction) by 
coils suspended from 
the underside of the 
locomotive. The pres: 
ence of a current is 


instructions, in the 
form of a set of 
consecutive digits, 
standing for “reduce 
Speed to 50km/h” or 


‘stop train in 2km’ 
and so on, controlling 
a train automatically 


ween train and track the need for mainte- 
nance would also virtually be eliminated, or 
so it is hoped. There would be no noise save 
for the rush of air past the vehicle and the 
only power used to drive the train at cruising 
speed would be that needed to overcome 
drag. The track, basically made of concrete 
box sections, would have to be rather straight 
in comparison with today’s metals because at, 
say 800km/h (SO0mph) it would be impos- 
sible to climb gradients comfortably, to 
breast summits or to negotiate curves. The 
TACV (tracked air-cushion vehicle) [4] is a 
well-developed technology, although no 
extensive system has yet been built. 


From present to future 
The magnetic-levitation method (maglev) 
dates from as recently as 1968 and many sys- 
tems are operating over short test stretches. 
The fundamental feature of maglev is the use 
of the same magnetic field both to lift and to 
propel the train (probably a single vehicle). 
Superconducting magnets are used to effect 
dramatic savings in consumption of current 
For the more distant future there is a 


wealth of fantastic possibilities. Undoubtedly 
the most rewarding, most frightening and 
least likely in the foreseeable future is the 
gravity tunnel train [6A]. If a tunnel were to 
be bored from, say, London to New York, it 
would seem at each end to dive quite steeply 
down into the earth. A vehicle placed in the 
tunnel would fall towards its destination. If 
the tunnel were empty of air the vehicle 
would reach a speed of many thousands of 
kilometres per hour at the mid-point, when it 
would appear to be travelling on level 
ground. It would then increasingly seem to 
climb, coming to rest at its destination (with 
no expenditure of energy, save that of 
pumping out the air). Man does not yet pos- 
sess the technology to build such a “rail- 
road”, but he could build shorter gravity- 
vacuum systems that would dive down in 
curving tunnels between stations only a few 
miles apart, with atmospheric pressure 
behind the car and a near vacuum in front. 
Another “train” of the future might zoom 
along an air-filled tube by sucking in air in 
front, compressing it and discharging it as a 
propellant jet behind [6C] 
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Thore are many 
kinds of railways al- 
ready in use. Almost 
all the world’s public 
rail track is of the 
two-rail variety [A], 
with ste 
side by. 
urban areas the mono- 
rail is sometimes 
found, with the cars 
riding above the 
track or hanging from 
it [B]. Advocates of 
it cushion trains 
IC] claim that the 
track, made from re- 
inforced concrete 
box sections, is 
cheaper. One of the 
latest systems u: 
magnetic lovitati 
[D] to support the 
Examples of 
all these have been 
tested. Various futur 
istic designs 
exist only on paper 
and nobody can fore- 
teli with certainty 
what the railways 
will look like even 
25 years ahead. 


4 The hovertrain, 
British tracked air- 
cushion vehicle 

(TACY), illustrates 
the kind of 


rail, The track 
is assambied from 
cheap concrete boxes 


stilts. The only phy- 
sical contact between 


the sliding electric 
current pick-up that 
serves the linear 
motor. Electric blow- 
ers form an air- 
cushion to lift 

and guide the vehicle. 


6 Futuristic ideas 
tor railways, not yet 
even in the experi- 
mental stage, include 
a vacuum train and an 
airtube system. Th 
acuum train [A] is 
sucked” along by 
low pressure in front 
of it; gravity aids ac- 
celeration and decel- 
tion because the 
tunnel slopes down 
steeply from one 
station and slopes 
upwards to the next 
[B]. The tunnel for 
the airtube train [C] 

is filled with air and 
air cushion pads keep 
the train centred. 
Airflow through the 
{rain propels it along 


Air-cushion pad 


5 Acity could be 
linked to a distant 
airport using three 
kinds of rail links, 

A conventional sur- 
face railway (diesel 
or electric) cou 
serve the city and a 
junction to other 

rail routes. An under 
ground railway could 
serve outlying sub- 
urbs and the centre, 
and a high-speed 
monorail could form a 
non-stop rapid link 
directly to the city. 

But only an under- 
ground can be built 
with little disruption 
to existing buildings. 


Air-cushion pad _Air-tillod tube 
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Balloons, blimps and dirigibles 


When carly men dreamed of flying they usu- 
ally imagined “flying machines” that resem- 
bled artificial birds. It so happened that, 
more than a century before the technology 
existed to make flying possible in this way, a 
totally different method of flying was devel- 
oped in France. This suddenly developed 
method ~ the use of balloons — is called 
lighter-than-air flight, The technical term for 
such aircraft is an aerostat. Aerostats are 
buoyant in the atmosphere and float at a par- 
ticular level that depends on their mass, on 
the surrounding atmosphere and also on the 
volume of air that they displace 


Balloon construction 

The concept of making a balloon from some 
light material and filling it with a gas having a 
density less than that of air dates from 
medieval times. In 1670 Francesco de Lana 
proposed an acrial ship to be lifted by four 
large copper spheres from which the air had 
been pumped out (he did not know that 
spheres strong enough not to collapse would 
weigh many times more than the mass of air 
they displaced). In the next century the bal- 


1 


1 Ferdinand von Zep- It was 141.5m (460ft) 
pelin (1838-1917) long and 13.8m (45ft) 
pioneered the rigid in diameter and could 
airship, which was carry more than six 


tonnes of passengers 
and cargo. Thi 

ship, named Hans: 
made noarly 400 
flights carrying 
more than 8,000 pas- 


t e. 
His first vessel, 
LZ1, flew in 1900 

and was followed by a 
whole series, includ- 

ing this LZ13 of 1912. 
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loon came much closer with the discovery of 
the gas we now call hydrogen, the least dense 
of all the elements. The British chemist 
Joseph Black (1728-99), who studied hyd- 
rogen, thought of making a hydrogen-filled 
balloon, but probably did no experiments. 

A few years later, in France in 1782, the 
papermakers Joseph and Etienne Montgol- 
fier (1740-1810 and 1745-99, respectively) 
had been watching charred fragments spiral- 
ling upwards above a bonfire. Why, they 
wondered, did the fragments rise? Thanks to 
their skill with paper the Montgolfier 
brothers were able to build small balloons 
which, when filled with hot air from a fire, 
took off and sailed upwards. On 4 June 1783 
they publicly flew an 11m (36ft) balloon of 
linen and paper that climbed to about 
1,830m (6,000ft). 

The balloon caused a sensation. Jacques 
Charles (1746-1823) had meanwhile set to 
work to build a hydrogen balloon, while the 
Montgolfiers constructed a hot-air balloon 
large enough to lift a man, carrying a fire 
beneath it. On 15 October 1783 Pilatre de 
Rozier was carried aloft in the tethered bal- 


p 
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sengers 45,000km 2 
{30,000 miles). L214 
(remumbered L1) was 
Ordered by the German 
navy: some commer- 

cial airships were taken 
‘over by the army, 

which used them in 

World War | for recon 
naissance and bombing. 


contained in gas bags 
[1]. These were hou- 
Sed inside the alu- 
minium framework [2] 


ever built were the 
German LZ129 
Hindenburg (1936) 
and L2130 Graf 
Zepplin (1938), named 
after the earlier LZ- 
127 of 1928, Eachhad o 0 60 
200,000m* 


(7 million cu ft) of hy- 
drogen, giving a lift of 


about 232 tonnes, o 200 


loon, while five weeks later [Key] he and the 
Marquis d'Arlandes flew the first aerial 
journey in history, covering 8km (5 miles) in 
a gentle breeze in 25 minutes. Charles's hyd- 
rogen balloon made a manned flight the fol- 
lowing week, on 1 December 1783. For the 
next 100 years lighter-than-air flight domi- 
nated man’s attempts to fly, with balloons 
reaching heights of 6km (3.7 miles) and 
travelling hundreds of kilometres (for 
example, in 1859 John Wise flew 1,300km 
[804 miles] from St Louis to Henderson, 
NY). In 1870, during the Franco-Prussian 
War, balloons were the only link that existed 
between Paris and the outside world. 


Uses of balloons and 

It was natural for early aeronauts to wish to 
devise some means of locomotion to free 
themselves from the mercy of the wind. Some 
attempted to use oars and others tried 
propellers cranked by hand, but it was not 
until the invention, in 1852, of the steam- 
driven dirigible (meaning “steerable") by 
Henri Giffard (1823-1921) that the airship 
emerged as a vehicle. The earliest airships 


2 Non-rigid ai tom of ropes or wires 
all have flexible that distributes the 
‘envelopes that are weight around the 
stabilized by being fabric envelope. The 
inflated to a pres- sea patrol blimp il: 
sure slightly high- lustrated dates from 
er than that of the 1913 but closely re- 


surrounding atmos- 
phere. The load is 
suspended by a sys- 


sembles many used in 
World War il. Simi 
lar ships, filled with 


3 Semi-rigid air- 
ships are uncommon, 


ture to which en 
thing could be 
attached, Cords and 
cables extended 


voyag 
North Pe 
1926. 


‘ole in May 
There was no 


from which were 
hung the four 1,050hp 
diesel engines (3) 
and the payload [4] 


90 120m 


5 Relative sizes 
of the three types 
of airship show 
the greater size 


300 400 
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See aiso 
History of aircrat 
Helicopters and 
aulogyros 

History of transport 


non-inflammable hel: 
ium are still flying 
Some are used for ad: 
vertising and carry 
huge arrays of lights 
that can be made to 
display slogans or 
pictures, Others are 
being developed as 
freight carriers. 


upwards from the 
keel to secure the 
envelope, preserve 
its shape and enable 
itto lift the whole 
ship. Below the 

keel wore braced 
frames carrying the 
control car and 
engine nacelles. 


l 
The Hindenburg e 
ploded in flames 
in the US in 1937. 


possible with rigid 
[A] compared with 
semi-rigid [B] and 

Ron-rigid IC] ships, 


were what are today called non-rigids (2] 
each had an envelope of flexible fabric from 
which the load was suspended by cords. In 
the semi-rigid airship [3] there is a rigid keel 
id type [4] the entire envelope is 
built round a rigid framework. All were fully 
developed by the start of World War I in 
which airships, tethered “kite balloons” and 
non-rigid “blimps” all played major roles, 
The operation of all aerostats depends on 
balancing their mass against the volume of 
displaced atmosphere. With gas balloons and 


and in the ri 


airships the normal technique is to vent 
from the envelope to descend and to release 
sand or water ballast to rise. 


as 


Airships in 
cruising flight can also change their direction 
or height by using aerodynamic tail controls, 
but these are not effective at low speeds. 
With hot-air balloons the lift depends on the 
difference in temperature between the air 
inside and that outside the envelope. 


The future of the airship 

By the beginning of World War II the large 
airship was dead ~ killed by a series of major 
disasters. Among the last of these was the 


ĝi 


7 The British R101 
airship crashed on 

a hill at Beauvais, 
France, in 1930, 

The ship was on a 
voyage from England 
to India when it 


crashed, killing all 
but six of the 48 
people on board. 
Burning hydrogen 
created a fireball 
hot enough to melt 
the metal of which 


destruction by fire in 1937 of the German air 
ship Hindenburg [4], with 36 deaths. Barra; 
balloons and blimps had their uses but after 
1945 there remained very few devotees of 
the sporting hydrogen balloon. Then, in 
about 1965, the scene was transformed. The 
modern hot-air balloon gradually became a 
worldwide best-seller and today many hun 
dreds are sold each They use 
immediately controllable propane burners 
with which climb and descent can be gov 
ered for a whole day if necessary 


year 


The airship is also being recognized once 
more as a potential cargo carrier. All over the 
world designers and freight carriers are 
studying plans of completely new kinds of 
airships that would make use of modern tech- 
nology to carry | of hundreds or 
thousands of tonnes in safety and at low cost 
Such giant cargo airships ~ the Skyship [8] is 
an example ~ could become a reality before 
the end of the century 


They may be espe 


cially useful in opening up undeveloped reg- 
ions and in carrying large freight containers 
and possibly even bulk cargo direct to their 
final destination 


it was built, This 
and the fatal 
disaster to the 
Hindenburg seven 
years later sealed 
the fate of the 
hydrogen airship. 


Hydrogen 


Hot air 


w 


Helium 


130 


Man's first balloon 
flight took place on 
21 November 1783 
when two men trav 
elled about 8km (5 
miles) across Paris. 
They rose aloft stand: 
ing ona gallery of 
wickerwork sus. 
pended beneath the 
painted envelope 

of the Montgolfier 
brothers’ largest 
hot-air balloon. Made 
of paper-lined linen 
and coated with alum 
to reduce the fire 
risk (although not 
with complete suc 
cess) the envelope 
was 15m (49ft) high 
and the whole bal- 
loon weighed about 
785kg (1,7301b) 

The air inside, 3 
volume of about 
2,200m* (77,700 cu 
ft), was heated by a 
large mass of burn: 
ing straw resting 

on a wire grid 

in the centre 

of the gallery. 


6 Balloons rise 
because the gas they 
contain is less dense 
than air. Control is 
limited to upward 
motion by releasing 
ballast [A] and down: 
ward by releasing 
gas [B]. A drag 

rope [C] gives sta 
bility and slows the 
balloon on landing, 
when the rip panel 
is opened [D] to let 
the gas out, The 
lifting power of 28m? 
(about 1,000 cu ft) of 
gas is shown in [E] 


8 Skyshipis a pro 
posal for.a modern 
cargo airship. This 
10m (32ft) model was 
demonstrated in 
Britain in 1975. A 
full-scale Skyship, 
215m (700ft) across, 
would cruise at about 
160km/h (100mph) 
and have a crew of 

24 with a pay: 

load of 400 tonnes, 
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History of aircraft 


Contrary to popular belief, the brothers 
Orville (1871-1948) and Wilbur Wright 
(1867-1912) were not the first men to build 
an aircraft that could fly. Otto Lilienthal 
(1848-96) in Germany, for example, had 
already made hundreds of flights in his 
gliders. The Wright brothers’ place in history 
is assured by the fact that their aeroplane was 
the first powered, controllable heavier-than- 
air machine craft to fly, in 1903 


Louis Blériot’s pioneering flight 

After the Wright brothers one of the import- 
ant contributors to aeroplane design was 
Louis Blériot (1872-1936). He introduced a 
number of new features in his design, 
including a tractor (pulling) propeller, single 
wing (monoplane) and rudder and elevator at 
the rear. His Type XI achieved world acclaim 
on 25 July 1909 by flying from France to 
England. As with almost all other flying 
machines of its day it was of mixed construc- 
tion; the main spars of the stubby wing and 
the four longerons of the lengthy fuselage 
were made of ash and the whole structure 
braced by numerous wires, Like the Wrights, 


Biériot Type XI 


1 Louis Blériot flew 
his first aircraft in 
1907, but it was with 
the Type XI that he 
achieved his greatest 
success. Aided by 

a shower of rain which 
saved his engine from 
over-heating, he few 
from Les Barraques 

in France to Dover, 
England, His flight 
was the first sea \ 
crossing and the first \ 
international air jour- 
ney. Within two days 
of this feat, Blériot 
had received orders 
for more than 100 
Type XI aircraft. 


Three air-cooled cylinders. 
Anzani engine (22-28hp), 
Carved hardwood propeller 


2 Supermarine 5-68 


Wing radiator. 


Blériot covered both the top and bottom sur 
faces of his wings, although many other 
designer-aviators used only a single surface 
of fabric, stretched over the top of the wing, 

By 1912 Deperdussin, helped by research 
in Scandinavia, had built a racer of 
monocoque (single-shell) construction. 
which made for strength, lightness and a 
completely new streamlined form. He built 
his fuselage from multiple thin veneers of 
tulip wood, wrapped to shape and finally 
glued and covered with doped (lacquered) 
fabric. Most of the 100,000 aircraft built in 
World War I used the traditional wire-braced 
Wood structure, but then the monocoque 
design developed gradually and found new 
expression in metal. Some early military air 
craft, such as the Voisin L series, had all 
metal structures. Some were made of steel 
tubing assembled by welding, riveting or with 
bolted joints, and others used the new 
aluminium alloy Duralumin. Whatever the 
material, the basic method was to make a 
strong skeleton and cover it with fabric. 

A few wartime machines designed by 
Hugo Junkers (1859-1935) were not only 


Wingspan c. 7.8m 
Fuel tank 
Trusses above and below to 
brace wings 


Hinged cockpit cover 


Rolls-Royce R engine 
(2,300hp) 


Fairey 2-8m (9.111) 
propeller 


Supercharger. 


Radiators on floats, 


"o 
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Fuel tanks in floats 


all-metal in skeleton but were also skinned 
with metal. In 1919 Junkers flew his F1 3, the 
first all-metal monoplane in commercial ser- 
vice. The low-mounted wing was completely 
unbraced by struts or wires and, like the 
fuselage, was skinned with Duralumin sheets 
having fore-and-aft corrugations for rigidity 
From this stemmed a family of transports 
used all over the world, the best known being 
the Ju $2/3m - the leading European airliner 
in the 1930s and an aircraft built in large 
numbers for Hitler's Luftwaffe. 

The only other family of transports able 
to rival the Junkers all-metal monoplanes 
were those from the Dutch Fokker company 
These were also monoplanes, but they had 
deep wooden wings mounted above the 
fuselage of welded steel tube with a fabric 
covering. Together these two companies 
dominated Europe until the mid-1930s. 


The Schneider Trophy 

Throughout the 1920s, much attention and 
money was lavished on the Schneider Trophy 
= an international competition for racing 
seaplanes. Seaplanes rather than conven- 


Spruce girdors with wire 
— bracing 


Tank to give buoyancy 


Wooden construction 


Oil cooler 
U-type airframes 
Light alloy structure with 
— sttwssod-skin covering, 


Alleron mass balance: 
Air-speed indicator. 


CONNECTIONS 
See siso 


How an aeroplane 


Eariy mary 


Overall length c. 7m 


— Rudder mass balanco 


Fuol tank in fin 


2 The tocus of aero- 
nautical interest be- 
tween the world wars | 
was the Schneider 
Trophy race for sea 
planes. Competing 
soon became so costly 
that only national 

(ie air force) teams 
were able to take 

part. The 1931 

race was won by the 
British S-68, which 
influenced design of 
the Spitfire, but the 
Macchi MC72 would 
probably have won if 
it had been ready in 


Macchi improved on 
the world speed 
record it had set the 
previous year with 

a speed of almost 
710km/h (441 mph), 


tional aircraft took part because Jacques 
Schneider thought that future international 
airline operators would make wide use of 
waterborne aircraft 

In addition to the public interest it stimu- 
lated, the competition had great influence on 
the mainstream of aircraft design. Also sig 
nificant was the steady improvement in avia- 
tion technology, especially in the United 
States. The most important factor was the 
perfection of all-metal stressed-skin 
construction, in which the light-alloy skin was 
not just a covering but a crucial load-bearing 
part of the structure (so permitting a lighter 
skeleton underneath). Engines were 
improved and installed in better ways, with 
cowlings giving reliable cooling and reduced 
drag. Propellers were no longer fixed blades 
of wood or metal, but consisted of hub 
mechanisms carrying blades whose pitch 
(setting to the airflow) could be varied to suit 
the different demands of take-off and high 
speed flight. Wings were fitted with flaps to 
give more lift at take-off and both lift and 
drag for landing. Landing gears were made 
retractable to reduce drag. Inevitably, air 


3Devglas OC-3 


Flaps to stoepen approach 
and reduce landing run 


Pulsating rubber de-icing 
‘boots 


Two Weight Cyclone 
nine-cylinder 
‘engines (1,000-1,200hp) 


Threo- blade variable-pitch 
propellers 


4 Junkers Ju 62/3m 


Enclosed cabin for two pilots__\ 


craft acquired “systems” worked by elec 
tricity, hydraulics, compressed air and other 
methods, which grew ever more complex 


‘The Douglas aircraft 

One of the first modern airliners was the 
Boeing 247 of 1933. In the same year 
Douglas flew the DC-1, only one of which 
was built, and took orders for the slightly 
improved DC-2, In 1934 Britain held an air 
race to Melbourne, Australia; the outright 
winner for speed was a special racer, carrying 
no load, but the second and third places were 
taken by a DC-2 and a Boeing 247, On 17 
December 1935, the thirty-second anniver 
sary of the Wrights’ first flight, Douglas flew 
the DC-3. Over the next ten years this was to 
become the world standard airliner and the 
standard Allied transport in World War IL 
with some 11,000 being built in the United 
States and the Soviet Union. Large numbers 
are still in use and individual DC-3s have 
flown as many as 80,000 hours, Previously, 
few aircraft flew for more than 1,000 hours 
without either being wrecked or suffering 
from severe structural fatigue 


3 The Douglas air pitch propellers and 
craft of the 1930s a streamlined shape. 
Incorporated many It was followed 
new developments. by the faster DC-2 
The DC-1, which first and the larger and 
flew on 1 July 1933, even faster DC-3, 
had a smooth strassod- which took to the air 
skin structure, in December 1935. 
retractable landing By far the most wide. 
ar, flaps, variable: ly used transport in 


—Muhtiple-spar wing 


Bosing 747 “Jumbo” 


The frailty and smail 
size of early aircraft 
is emphasized by the 
comparison of their 
silhouettes with that 
of a modern Jumbo 
jet. This growth has, 
to some extent, been 


history, the cheap, ro 
liable DC-3 (10,926 
wore built) still flies 
all over the world, 


P Cabin for up 10 32 passengers 


Landing gear retracted 


— upwards and forwards 


Cabin for (typically) 17 passengers 


Airframe almost entirely covered with 
Hight alloy conugated skin 


Douglas OC-3 


‘or em 


Supermarine $-68 — 
1601 Type XI apy 


forced and made 
possible by huge im- 
provements in pro- 
pulsion and in air. 


grass fields. Those 
planes represented 
the most efficient com: 
promise between con. 


fields. Even the flicting demands that 
Ju 52/3m and the was possible inthe 
DC-3 had to operato 1930s, just as the 
from small, rough Jumbo does today. 


All-matal stron 
structure 


shin 


4 Hugo Junkers 
developed all-metal 
warplanes with cor 
rugated aluminium 
skin for the German 
air force during 
World War |. Sub- 


Patented “double-wing” flap 
giving good slow-speed and 
Airfield pertormance 


sequently Junkers 
transports became 
famous, the most 
outstanding being 
the Ju 52/3m which 
first flew in 1932 
Over the next 13 
years it became the 
most important trans: 
port aircraft in Eur 
ope, forming 85% of 
Lufthansa’s huge 
fleet. From 1940 

it was the main trans 
port of the Luftwaffe, 
which received more 
than 3,000 of the 
3,234 aircraft built 


Three engines. typically 
BMW Hornet nino- ovii 
radiats (750hp). 


Fixed landing goar 


w 
a 


Ne 


Modern aircraft 


‘The advent of the gas turbine engine late in 
World War II revolutionized aircraft design. 
The light plane — although still a recognizable 
descendant of earlier models - has been 
dramatically improved by fitting turbine 
engines, More advanced machines- airliners, 
heavy freighters and virtually all military air- 
craft and helicopters - have been utterly 
transformed. Of course the basic principles of 
wing lift, control, lift drag ratio and structural 
design necessarily remain unchanged. How- 
ever, development of ever more complex and 
sophisticated control, navigation and guid- 
ance systems has continued to the point 
where the systems today often account for 
more than half the cost of an aircraft, 


The early pace setters 

This strange equation is true even for the 
class of aircraft bought by wealthy private 
owners and companies. In the 1930s the Per- 
cival Gull and Percival Vega Gull set several 
world records for long flights, establishing 
these planes as reliable private-owner and 
light business aircraft for many years, Built 
entirely of wood, they were neat low-wing 


1 De Havilland DragonFly 


Primary control column. 


Landing Want. 


Dual rudder controls 


2 GAF Nomad 


eri ‘N 


Two Allison 250-817 


turboprop engines. 
Engine in-tak 


“9 


monoplanes powered by air-cooled piston 
engines of 130-200hp and seated three or 
four adults in a comfortable enclosed cabin. 
Such aircraft were among the first to be cap- 
able of undertaking long flights to distant 
Parts of the world with some certainty of get- 
ting there. However, it is almost impossible 
to compare them with similar planes today, 
which are loaded with pilot-aids of all kinds. 
Intense competition means that modern air- 
craft, such as the Beechcraft Super King Air 
200, have to be improved and up-dated con- 
stantly, resulting in a superior and more reli- 
able product 

Instead of being made of wood, this 
Beechcraft model has a light alloy stressed- 
skin structure designed for fatigue-free use 
over perhaps 30 years (a factor never even 
considered 40 years ago). It is as large as 
Several airliners of 1935, with seating for up 
to eight passengers. Maximum take-off load 
is 5,670kg (12,5001b), four times that of the 
Percival Gull. The two 850hp turboprop 
engines are almost nine times as powerful. 
Instead of flying for 1,130km (700 miles) at 
225km/h (140mph) at a height of 4,880m 


Air intak 
‘passenger cabin 


Oil tank 
Shock absorber 
Wing fuel tank 


‘Two 130hp Gypsy 
Mojor petrol engines 


Wooden spars 


TA 


LA 


DA 


Pilot's ses £ 
Control column i 


Rudder pedals 


Nosewheel 
Nose luggage compartment 
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Wing strut 
Engine exhaust 


compre 


3 


a 


Air in-take to engine 


Twin-whee! landing gear 


(16,000ft) the pressurized King Air 200 
cruises at 9,850m (32,300ft), far above most 
bad weather, for up to 3,300km (2,050 miles) 
at over 510km/h (320mph). Yet perhaps the 
biggest contrast is in complexity of manufac- 
ture and operation; the number of items of 
equipment built into the aircraft that contri- 
bute directly to its flight - such as pumps, 
valves, radios, instruments and controls — 
amounted to 33 in the Gull. The total for the 
modern machine is 4,408. 


The arrival of Comet I 


Ruddor mass balanco.. 


Plywood fin. 


Plywood monocoque fuselage 
Wooden stringers 
Luggage compartment 


K 


Aerials 


Roar luggage compartment 


History ot airratt 
Eory mitar 

How an aerogtane 
works 

Hobcooters ans 
autogyros 
Airports ard ar 
Sace vohicie 
Radar and sorar 


ging 
new technology: the 
wooden De Havilland 
Dragon-Fly, first 
soldin 1936, car- 

ried five passengers 
at 200km/h (125mph) 
for up to 966km (600 
miles), The aircraft 
costless than a mod- 
em four-door 
Today's light ai 
craft differ only in 
details- for example, 
ut ofthe 


ones 
may be equipped with 
turbine engines. 


2 The latest techno- 
logy has transformed 
the larger of the 

light aircraft types. 
These are too costly 
for most private 
owners and are gener- 
ally used by companies 
employing a profes- 
sional pilot. The 
Australian GAF 
Nomad 22 is powered 
by two turboprop en- 
gines and can carry 
upto 13 passengers in 
great luxury. It can 

fly at a cruising 

spoed of 325km/h 
(202mph) with a 
range at maximum, 
payload of up to 
930km (580 miles). 


An answer to such problems was the 
large-diameter turbofan, a cross between a 
turbojet and a turboprop. Although the prin- 
ciple had been known since the early work of 
Frank Whittle (1907- ), the inventor of the 
first British jet engine, and in 1947 
Metropolitan Vickers had built such an 
engine ~ the F3 ~ aircraft of the period were 
not capable of carrying it. The large-diameter 
turbofan was rediscovered during the 
development of a US Air Force freighter in 
the mid-1960s. The losing bidder for that 
contract, Bocing, took four of the giant, yet 
quiet engines and used them to propel the 
Boeing 747, the first of the huge wide-body 
transports, popularly known as the "Jumbo" 

Increasing public demand has resulted in 
a progressive increase in the size of transport 
aircraft. The DC-3 cabin is 1.7m (5.5ft) wide, 
and a Constellation of the immediate postwar 
years had a cabin 3m (10ft) wide at its widest 
point, The first of the big jets, the Boeing 707 
of 1958, had a much longer cabin, which was 
3.5m (11.5ft) wide throughout. In 1969 the 
first Boeing 747 was delivered, with a cabin 
nearly twice as long and 6.1m (20ft) wide. 


3 The Boeing 747, The fuel economy of 
the turbofan engines 
has helped to hold 
down travel costs 
despite severe in- 
creases in the price 

of fuel, The 747 wat 
developed because of 
the need to move more 
traffic without in- 
creasing congestion. 


first flown in 1969, 
was the largest civil 


respects, the largest 
aircraft in use (the 
military C-5A Galaxy 
freighter has slightly 
greater dimensions 
but is lighter and less 
powerful), The 747, 
with its turbofan 
engines, heralded a 
new era of quiet flight. 


Four turbotan engines: 
Pratt & Whitney JTO ; 
General Electric CF6-50; 
or Rolls-Royce RB211 
(43,000-53,0001b thrust 
each) 


section Kruege 


4 The Anglo-French, 
Concorde represents 

the next step in tası * Concorde 
passenger transport 
These aircraft can 
halve the time 
previously taken to tly 
between any two 
distant places. just as 
the Comet did in 
1952. The Comet was 
criticized in much the: 
same way as the 
Concorde is now, but 
paved the way for the 
jets of today. 

However, political 
factors. the huge 
costs involved and 
more tar-reaching 
environmental 
problems of 
Supersonic travel may 
stop history repeating 
itselt. Concorde’s 
Soviet rival, the Ty 
144, has been 
witharawn from 


‘Shing visor for supersonic 
fight 


Hinged nose tor landing 


The capability of such aircraft is much 
greater than mere size suggests, because they 
travel faster and fly far more hours a day than 
older machines. Several airlines have just one 
Boeing 747F freighter, but a single 747F can 
carry more cargo each year than all the 
world’s airliners of 1939. And the turbofan- 
powered wide-bodied jet is, by comparison, 
relatively clean and quiet. 


transport 

These “selling points” are not present in 
either the Concorde or the Tu-144, the first 
supersonic transports to enter commercial 
service, It is extremely difficult to make 
supersonic propulsion systems quiet, 
although the rapid and steep climb of these 
aircraft creates a local noise problem only 
around the airport itself. The move towards 
wider cabins is reversed in the SST (super- 
sonic transport), because at Mach 2 (twice 
the speed of sound) aircraft must be rela- 
tively slim. On the other hand, journey time 
is greatly reduced so the SST offers as much 
extra to the passenger as did the first jets 
when they were introduced in the 1950s. 


3 Bowing 747 


Retueiling coupling 
(over 51,000 US. 
Gallons) 


Normal seating for 100-144 
passengers 


Cabin pressurized to 10:7 Ib/sain 
for comfortable fights at 
18,000m altitude 


thin with no moving parts 
‘except elevons 


‘Ogival deita wing, extremely 


Key 


Bowing 747 "Jumbo" 


GAF Nomad22 AN 
De Havilland DH90 Dragon-Fly w 


‘These aircratt sil- 
houettes, reproduced they are not to be even larger. The 
toacommon scale, uneconomic, whereas differences between 
illustrate the size the subsonic 747can the two light air- 
of the Boeing 747 have amuch wider croft are loss appar- 
andtheslenderness cabin. Thenextgener- ent externally and 


of Concorde, Super- 
sonic aircraft must be 


ation of long-haul sub- 
sonic airliners will 


involve mainly the 
Structural materiais. 


All main accommodation on 
one floor level (typically 
330-490 passengers) 


Interior pressurized to 
8:91b/sq in at 
outside pressure / 


ble 


trailing edge 


J> 
5 


Four Rolls: Royce/SNECMA 
Olympus 593 afterburning 
turbojets (38,000tb thrust 
each) 


Variable-area computer: 
scheduled engine inlets 
(under wing) 
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How an aeroplane works 


If someone holds a sheet of paper in both 
hands and raises it in front of his face, tilting 
the near edge slightly downwards, most of the 
sheet (beyond the hands) arches down 
towards the floor. What happens if he blows 
across the top of the sheet? Oddly enough, it 
rises until it is stretched out horizontally. One 
might have expected this by blowing on the 
underside, but why is the sheet lifted by 
blowing over the top? 

The answer lies in the effect that speed of 
flow has on the pressure of air. In the case of 
the paper, and the arched shape of an aero- 
plane's wing, air flowing over the top has to 
flow farther than that crossing underneath. 
The upper air therefore speeds up and as a 
result, its pressure falls. The higher pressure 
of the slower air below creates “lift”. This 
effect is responsible for about 80 per cent of 
the lift on a normal aeroplane wing moving at 
less than the speed of sound [Key] 


Wings and air flow 

Modern aeroplane wings are not like sheets 
of paper but are more-or-less fixed in cross- 
section, A conventional subsonic section 


1 Control surfaces 

behave like minia- 

ture wings. These 

surfaces are: ai 

rons for roll [A] 

about the longitudi- 
ial axis, giving 


axis for longitudinal 
control; and a rud- 
der for yaw [C] about 
the vertical axis 
for directional con: 
trol. Each surface 
is hinged and is 
controlled from the 
cockpit. When do- 
flected the sur 
face's main effect 
is not to push the 
whole aircraft but 
to cause it to ro- 
tate about one of 
axes. Sidow: 
movement of the con 
trol column moves 
the left and right 
ailerons in opposite 
directions because, 
as one wing comes 
up the other must go 
down. Fore-and-att 
movement of the 
stick deflects loft 
and right elevators 
together because 
both act together in 
raising or lowering 
the tail for a dive 
or climb, In supe 
sonic aircraft ther 
are sometimes no ail- 
ns and the left 


and right tailplanes 
can twist in opposito 
directions for roll 
control. The rudder 
is moved by foot 
pedals and one of 
the things a pupil 


working the stick 
and pedals togethe 


control surfaces are 
hydraulically pow- 
d and an artificial 
feel” is fad back 
tothe pilot's con- 
trols in the cockpit, 


518 


always has a strongly arching top. The under- 
side may be fairly flat in slow acroplanes, with 
the thickest part of the wing well forward 
(towards the “leading edge”), In fast aircraft 
the wing looks almost symmetrical, so that it 
would work either way up, and the thickest 
part is about half-way between the leading 
edge and trailing edge, In every case most of 
the lift is generated by reduced pressure as air 
curves faster over the top. A little liftis added 
by increased pressure underneath, 


Factors affecting lift 

For any given wing the lift depends on the 
angle of attack (the angle at which the wing 
meets the oncoming air). The greater the 
angle, the greater the lift ~ up to a point. 
Some modern aircraft with short but wide 
wing shapes, such as Concorde, can go on 
generating lift to seemingly impossible 
angles; but ordinary wings soon run into 
trouble. At an angle of about 16° there is little 
more lift to be had. By 18° the lift is erratic, 
the flow finds it hard to remain attached 
across the top of the wing and, suddenly, it 
breaks away, Instead of smooth, streamlined 


ez 
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flow, the air billows away in great eddies. Lift 
is largely lost and any aircraft flown at such an 
angle of attack stalls [ 
Wing lift also depends on the square of 
the airspeed; lift at a given angle of attack 
may be 1,000kg at 100km/h, 4,000kg at 
200km/h and 9,000kg at 300km/h. So how 
does an aeroplane take off? The pilot knows 
its gross weight, the airfield’s height above 
sea-level and the air temperature (hot or high 
places have thinner air and give less lift), For 
each set of conditions he knows how fast the 
wing must move through the air in order that 
maximum lift (with a safe margin left to avoid 
stalling) shall exceed the weight. In all but the 
most simple aircraft the lift at low speeds can 
be greatly increased by extending flaps 
behind and below the trailing edge and, 
often, by using “Kreuger flaps" along the 
leading edge that serve to increase the curva. 
ture of the wing section. These devices 
change the apparent cross-section of the 
wing, making it act far more effectively on the 
airflow and greatly intensifying the differ- 
ence in pressure between the underside and 
upper surface. At the correct speed the pilot 
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2 Stalling occurs 

when the angle at 

which th 

‘moots the wing ox 
eds a critical 


value, At high speed 
[A] the angie is 
‘small. At lower 
speeds the nose 
must be pulled up 
aA 


3 Wing shapes vary [B] have simple, thick 

depending on their wings that provide 
good lift at low 
‘Speeds. A supersonic 


iner [C] has a 
wing that is optim: 
ized for cruising at 
twice the speed of 
sound (Mach 2: 2,175 
km/h (1,350mph] ). It 
is rather like a 

Gothic window flying 


aircraft havs long, 
narrow wings to give 
maximum lift and min 
imum drag at low 
‘speeds (80-145 km/h 
{50-90mph] for a 
high-performance 
glider). Light planes 


more and more to 
maintain height [B]. 
‘Suddenly the air- 
craft stalls and 

a spin [C] may result. 


i t 
otf and landing. 
Supersonic combat 
aircraft [D] often 
need variable-sweep 
"swing wings” that 
can be folded back 
for operational 
flying or spread out 
sideways for cruis- 
ing or "loitering". 


pulls back on the control column [1]. This 
deflects the horizontal tail (elevators or 
often, the whole tailplane) so that it is tilted 
sharply, with the leading edge pointing 
downwards. Immediately the airflow pushes 
the tail down, the whole aircraft “rotates”, 
the wing reaches the angle at which lift 
exceeds weight and the aircraft climbs away 


Airborne control 

As speed and height are gained the pilot 
“cleans up” the aircraft by retracting the var- 
ious flaps. The wing can lift the aircraft 
without them and, as speed continues to 
increase, the angle of the wing becomes less 
and less and the aircraft levels out. At full 
speed the wing skims virtually edge-on tothe 
airflow. But in any sudden manoeuvre, such 
as a tight turn, the wing has to generate vastly 
increased lift. In the most violent man- 
oeuvres it is possible to reach stalling angle 
even at high speed. Normally a stall-warning 
system alerts the pilot of any approach to stall 
and this is especially important in thin air at 
great heights where wing angles are greater 
under all conditions. The “absolute ceiling” 


4 Aircraft propulsion 
is tailored for the 
job. The piston er 
gine [A] is cheap and 
officient tor slow 
aircraft. The turbo: 
prop [B] also handles 
a huge airflow but it 
is better suited to 
larger aircraft 


Turbotans [C-E] are 
best for aircraft that 
fly at high subsonic 
speeds, such as air 
liners. In [C] the fan 

at the front of the 
engine displaces air 
round the main engine, 
In [D] several fans 
force air along by 
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5 Vertical take-off 
and landing (VTOL) 
designs have included 
the HS 141, with lift 
jets for vertical 
take-off [1]; the 
propulsion turbotans 
started [2] and the lift 
engines shut off [3]. 

It was never built 
The CL-84 had two 
turbopropsona 


tilt-wing set at 90° 
for take-off (4); the 
wing slowly rota. 

ted [5] and then com. 
pletely straightened 
[6]. The Harrier 

has a directional 
thrust engine blast 
ing downwards for 
take-off |7]; the 
nozzles then rotate 
for acceleration into 


that the aircraft can reach is, in fact, the 
altitude at which level flight demands the 
stalling angle even at maximum speed 

In straight and level cruising flight the 
control surfaces on the wings form an integral 
part of the lifting surface. Any movement of 
the cockpit controls deflects these surfaces or 
the tail rudder to make the aircraft rotate 
about one or more of its axes [1]. Roll and 
pitch commands are often needed; the 
rudder is used mainly in making a “co- 
ordinated” turn, with the nose of the aircraft 
moving left or right along the horizon, the 
wings tilted to give a lift force acting towards 
the centre of the turn and the rudder and 
elevators acting together. When landing the 
pilot places the aircraft in exactly the right 
Position, aiming along the runway centreline, 
at such a speed that the wing (with all high-lift 
devices extended) reaches stalling angle just 
as the wheels make grazing contact with the 
runway. Many aircraft extend “spoilers” as 


Streamlines (paths 

of particles of air) 

show airflow over a 

wing [1] giving lift (2). 
he 


ling sharply down. 

wards. When high, 
lift devices such as 
leading edge slats 


almost resembles an 
upside-down U. De- 
signers try to 
achieve the highest 


they touch down to kill remaining lift, The The soati ling E, possible ratio of lift to 
ne 5 e uses across the leading o extended, drag (aerodynamic 

same spoilers can be used with or instead of acosa the loadir Leip oe mre Lapa 

ailerons to produce roll motionin high-speed acrossthetopofthe tuated and th choosing the cor. 


flight or as air brakes on a landing approach, wing and leaves travel- flow overthe wing rect form of wing 
passes and into the 6 

talipipe. Turbotan E 
has an afterburner. 
Extra fuel is injected 
to burn in the tail- 
pipe and so provide 
more power, But it is 
noisy and ganerally 
used only for highly 
supersonic aircraft. 
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HS 141 


Harrier 


wing-lifted flight 
18, 9]. The DHC 7, 

a short take-off and 
landing (STOL) 
machine, has four 
turboprops blowing 
across flapped 
wings, which deflect 
the slipstream down 
for take-off [10] 
betore the air- 

craft levels out [11]. 
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Helicopters and autogyros 


The conventional aircraft copes efficiently 
with its main task, the moving of people and 
cargo from one point to another. But it is 
limited because it cannot hover above the 
ground to lift or set down an object in one 
precise position and it cannot land on ground 
too uneven for the building of an airstrip, For 
difficult terrain, and difficult jobs, a 
helicopter is needed. 


Helicopters in history 

All heavier-than-air flying machines stay in 
the air using the principle known aslift. Asan 
ordinary fixed-wing aeroplane moves quickly 
through the air the shape of the wings makes 
the air pressure below them greater than that 
above. The difference in pressure “lifts” the 
aircraft and enables it to fly. If the wings can 
be made to rotate instead of being fixed, lift 
can be obtained without the machine itself 
moving forwards. This is the principle on 
which a hovering machine works. 

The principle has been known for a long 
time. Leonardo da Vinci (1452-1519) 
sketched a design for a  rotating-wing 
machine [Key] and dubbed it helix pteron, 
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which is Greek for “spiral wing”. The name is 
in use today in slightly changed form in the 
word “helicopter”. 

No helicopter could fly until an engine 
could be made sufficiently light and pow- 
erful. With the development of the petrol 
engine about 1900, the power problem was 
solved and full-scale helicopters just man- 
aged to become airborne. These first rotat- 
ing-wing machines ran into stability prob- 
lems and test pilots were reluctant to try them 
out unless the machines were tethered. The 
problem of keeping a hovering machine aloft 
without tilting proved very difficult to solve 
and yet deliberate tilting proved to be neces- 
sary to enable the machine to fly in a par- 
ticular direction. 


Tilting a windmill 

In 1923 the Spanish inventor Juan de la 
Cierva (1896-1936) successfully flew a 
machine that was a strange hybrid between a 
helicopter and a fixed-wing aircraft [4]. It had 
wings and a propeller, but it also had a 
freewheeling rotor on top. As the machine 
flew, the motion of the air past the rotor 


whirled the blades like a windmill and pro- 
vided extra lift, enabling it to fly slowly and to 
take off with a short run. Cierva called it the 
“Autogiro”, from the way the blades 
automatically gyrated as it flew. This effect is 
called auto-rotation and it can enable a 
helicopter to land safely if it loses power 


A most versatile machine 

By World War Il the helicopter had been 
perfected, due principally to the work of Igor 
Sikorsky (1889-1972) [5], an American of 
Russian origin. One of the main difficulties 
was torque ~ as the engine turned the rotor in 
one direction, it also turned the body of the 
helicopter in the opposite direction. Torque 
is a consequence of action and reaction and 
has been overcome in two main ways. Either 
a small vertical rotor, fitted to the tail of the 
helicopter, acts as a propeller to oppose the 
torque or the helicopter has two horizontal 
main rotors that spin in opposite directions, 
thus cancelling out the torque. By adjusting 
the tilt of the various rotors the helicopter can 
be held steady or made to turn. Another solu- 
tion to the problem of torque is to power the 
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2 Vertical and hover- 
ing flight occurs 
when the axis of ro- 


pitch stick forwards 
tilts the rotor disc 
(the space swept out 


ing itto the right or 
left enables it to 
“crab” sideways [D]. 


tation of the rotor by the blades) for- The tail rotor is con- 
is in line with the wards and moves the trolled by the rudder 
| centre of gravity [A]. helicopter forwards bars [E], This 


Moving the collective 
| pitch stick increases 

or decreases lift. 

Pushing the cyclic 


1B]. Pulling the 

stick back [C] makes 
the helicopter move 
backwards and push- 


‘swings the helicopter 
round in order to al- 
tow the pilot to change 
the direction of flight. 


1 A tail-rotor heli- 3 Rescue is a task 4 
copter has a cyclic at which the heli 
pitch stick [1] that copter excels. 


jacks [3 
the lower 
swashplate [2]. The 
upper swashplate [4] 
also tilts, tilting 

the main rotor to 
propel the helicopter. 
The collective pitch 
stick [5] raises or 
lowers the swash. 


Injured mountain- 
eers, shipwrecked 
sailors, stranded 
tourists and flood 
yrthquake vic- 
tims often owe their 
lives to helicopters. 


4 The autogyro was 
designed by Juan de 


plates, thus changing la Cierva in order 

the pitch of the to make flying safer 
rotor blades and The free-wheeling 
altering the lift of rotor (as well as the 
the main rotor. The wings) provided lift. 
foot pedals (6) The propeller pro: 
change the pitch of duced forward motion 
the tail rotor ironically, Cierva 


blades, swinging the 
helicopter round. 


himself was killed in 
an aeroplane crash. 


rotor by having a jet engine at the tip of each 
blade; the blade’s motion is the reaction to 
the jet’s thrust and no torque occurs. A small 
ram jet may be used or exhaust air ducts may 
be connected to a gas turbine in the body of 
the helicopter 

Once stable in the air, a helicopter can fly 
easily in any direction. The rotor produces a 
downwash of air and the reaction to this 
downwash forces the machine upwards. If the 
lifting force equals the weight of the 
helicopter, then the craft remains stationary 
in the air. If the lifting force is lessened by 
slowing the rotor or if the angle at which the 
blades sweep through the air is changed, the 
machine descends. If the rotor is tilted 
slightly as it whirls, part of the downwash of 
air is directed to one side and the helicopter 
moves in the opposite direction. 

Forward speed, however, is not very gre: 
and manufacturers are experimenting with 
aircraft that have the manoeuvrability of the 
helicopter and the speed of the fixed-wing 
machine, Winged aircraft with tilting rotors 
that can face upwards or forwards are being 
tried, although the use of jet engines with 
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first flew in about 
1939, but went 
through many modi- 
fications before being 
perfected. At one 
stage it could fly in 
every direction øx- 
cept forwards. These 
problems were over 
come by 1941 and 
production models 
were tested in World 
WL its single 

in rotor and small 
otor became 

the predominant 
helicopter design. 


6 Atwin-rotor heli- 
copter achieves twice 
as much lift as a 


1969 by lifting 40 
tonnes to a height of 
more than 2,000m 


single-rotor machine  (6,560ft), It has a 
with a similar rotor. span of 67m {220ft) 
The Soviet Mi-12is across its rotors, 


which spin in op- 
posite directions. 
Tho Mi-12 is a 

transport aircraft. 


the world’s largest 
helicopter. Built by 
Mikhail Mil, it set 
a world record in 
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swivelling exhausts has so far been more 
successful in aircraft such as the Harrier 
“jump-jet”. 

Helicopters are used for passenger trans- 
port —for example, asa rapid service between 
airports and city centres and to link islands 
without airstrips. But helicopters are expen- 
sive to buy and to run and thus have generally 
failed to compete economically with other 
forms of passenger transport. They are used 
mainly in special applications for which no 
other machine would be suitable. Only 
helicopters can be used for many kinds of 
rescue work [3] - to lift people trapped in 
burning buildings, to rescue sailors from 
shipwrecks or holiday-makers swept out to 
sea and to remove people from areas devas- 
tated by earthquakes or floods. Helicopters 
are invaluable for transferring both workers 
and materials to remote places and are also 
used as cranes to hoist heavy objects into 
position on top of buildings - some modern 
churches have their spires placed in this way. 
The flexibility of the helicopter also makes it 
a versatile war machine for carrying men and 
weapons, and for hunting submarines. 


7 A tandem helicop- 
ter has twin rotors 
mounted one behind 
the other, The first 
tandem helicopter, 
the "Flying Banana”. 
was built by American 
ngineer Frank Pia- 
secki in 1945, Such 
helicopters can be 


or troop 
transports. Other 
twin-rotor machines 
have side-by-side 
rotors intermeshing 
like an eggbeater. 
or coaxial rotors 
‘one above the other, 
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Leonardo da Vinci 
made this design in 
1483 for a rotating- 
wing aircraft. The 
spiral wing, which 
Leonardo suggested 
should be mado of 
starched lines 

would have lifted the 
machine in much the 


s 


8 A “fying crane 
lifts a heavy field 
gun during army 
manoeuvres. Such 
operations are quick 
and dispense with 


the need for towing 
vehicles. Standard 
helicopters are 
useful for carrying 
froight and some 
interesting tasks 


Leonardo's machine 
never flew. There 

was no engine in exist- 
‘ence that was cap- 
able of powering the 
device and even if 
there had boon it 


have been proposed 
for the most powerful 
machines. They could 
rapidly unload con- 
tainers trom ships 
offshore and do away 
with the need for deep 
harbours. Another 
idea envisages the 
carrying of a Sky- 
lounge ~ a bus-like 
vehicle that would 


would have spun 
wildly out of control, 
for Leonardo did not 
alize that tho øn- 
gine would also ro- 
tate the body in the 
opposite direction 
tothe wing. This 
turning effect i 
known as torque, 


gather passengers in 
ity and then be 
lifted by helicopter 
straight to the door 
of an aircraft at the 
airport. Flying 
cranes are particu: 
larly useful in war- 
time for retrieving 
aircraft that have 
crashed but are 
not beyond repair, 
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Road building 


The first roads used by man were prob- 
ably beaten out by the hoofs of animals as 
they made their way between feeding- and 
watering-places, Routes that began as mere 
cattle tracks or hunting and supply trails 
developed after the invention of the wheel 
into harder-wearing roads criss-crossing the 
ancient world and linking great trade mar- 
kets. The Romans built a more Permanent 
and extensive road network [Key] so that the 
empire could back up the authority of remote 
administrators by rapid troop movements. 


Stone paving 
Few authenticated records exist of pre- 
Roman road paving. But given the known 
skill of the ancient stonemason, we may 
assume that heavily used roads of the earliest 
Civilizations were surfaced with slabs of cut 
stone. A drained earthen track becomes 
compacted by foot and hoof but cannot stand 
up to the wheel, which gradually cuts and 
breaks the surface. 

The engineering of Roman roads [3] is 
well documented. Descriptions are detailed 
and some roads lasted so well that the orig- 


1A 


1 Road construction leaving drainage 
methods grewfrom ditches at bot! 
simple compaction sides. In the eigi 


Bonth centur 


of early routes by } 
major roads were 


foot and horse- 


drawn traffic. The built of tamped 
Romans [A] made gravel on top of a 
their routes more foundation of 


blocks, Roads in the 
nineteenth century 
IC] were similar but 
were sometimes 
raised and had an 
upper surface of 


permanent by remov- 
ing obstacles, laying 
foundations of 
gravel, surfacing 
with crushed stones 
or paving slabs and 
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inal formation has been discovered, almost 
intact in places, by archaeologists. The 
Appian Way, started in 312 BC, which linked 
Rome with Brindisi, was typical. About 4.5m 
(14.75ft) wide across its two-way central 
lane, it was built in five layers and had three 
features to ensure drainage: it was con- 
Structed above ground level with a cambered 
surface and flanking ditches. The wearing 
surface was of crushed lava (plentiful in south 
Italy) on a gravel core. The larger stones of 
the base course of many Roman roads were 
mixed with lime mortar as a binder or with 

zzuloana (natural volcanic cement), 
forming what was virtually a concrete 
footing. The surface of Roman roads varied 
with local materials and their availability. 

The Romans employed cheap, expend- 
able slave labour under military supervision 
for road building, After them, no administra- 
tion could afford to repair their highways, let 
alone build new roads, until the introduction 
of tolls in the late Middle Ages. 

Modern road technology evolved in 
cighteenth-century France. The Corps des 
Ingénieurs des Ponts et Chaussées was set up 


in 1720 within the French army. Twenty- 
seven years later the Ecole des Ponts et 
Chaussées was established as a state college 
at which civilians could study. It was Pierre 
Tresaguet (1716-96) who designed and built 
the first roads that combined good engineer- 
ing practice with sound economics, He taught 
that there were two essentials for a lasting 
road — a firm foundation protected by a 
water-resistant surface [6]. 


Influence of McAdam 

The French lead was soon followed 
elsewhere in Europe and the names of two 
British engineers became closely associated 
with improved road design, Thomas Telford 
(1757-1834), originally a stonemason, built 
roads similar in section to those of ‘Tresaguet. 
But Telford's pavement was costly and it was 
a Scotsman, John McAdam (1756-1836), 
who found a way to cut costs without 
impairing efficiency. McAdam eliminated 
the deep foundation, recognizing that itis the 
soil that ultimately supports the weight of 
traffic, and that compacted soil, kept dry, will 
Support any load. McAdam’s road [4] was 


rolled gra 
the ve 
of traffic in the 
twentieth century 
and the introduction 
of heavy vehicles [D], 
roads had to be made 


composed either of 
reinforced concrete 
or of rolled asphalt, 
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2 A cost breakdown 
for a modern motor- 
way shows that earth- 
works are the most 


‘expensive item, 
Earthworks 
Paving 

Structures 
Drainage 

Land 

Side roads 
Engineers’ fees 
‘and miscellaneous 


25% 
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cambered for drainage and was surfaced with 
stone chips which were crushed and rolled by 
the steel-clad wheels of his time into a 
smooth water-resistant surface. 

‘The McAdam pavement served its pur- 
pose well until the invention of the rubber 
tyre. The tyre no longer compacted the 
crushed stone surface, but seemed to suck the 
finer material from between the larger stones 
until the surface broke up. A binder was 
needed and the answer was found in natural 
tar. The new surface was called tarmac. 


Concrete paving 

The final stage in the development of the 
modern road followed the steady increase in 
the weight of heavy road vehicles. Lean con- 
crete (which has a lower cement content) 
began to be used for the footing and fine con- 
crete for the surface of the “rigid” pavement 
which spreads heavy axle loads over a greater 
area. The modern “flexible” or “black-top” 
pavement has a tar surface up to 10cm (4in) 
thick over a 25cm (10in) base layer, such as 
lean concrete, laid on a sub-base course of 
any locally available granular materials such 


as stone or clinker, In the modern reinforced 
concrete road, a granular base course is 
topped by a concrete slab up to 30cm (12in) 
thick, with a mat of steel reinforcement Sem 
(2in) below the surface. 

‘The rapidly expanding need for more and 
more roads has led to the development of 
sophisticated road-making machinery. Giant 
scrapers, graders and other heavy carth- 
moving machines are used to prepare the 
roadbed and lay the footing. Machines for 
automatic laying of an asphalt surface to a 
predetermined thickness are commonplace; 
advanced models can lay and consolidate 
20cm (8in) asphalt layer in one pass, pro- 
viding a black-top pavement that needs no 
further treatment. 

‘The modern automatic concrete paver [7] 
spreads and tamps a continuous slab of con- 
crete up to 30cm (12in) thick and Sm (16ft) 
wide, handling about 300 tonnes of material 
an hour, its hopper fed by tip-trucks. 
Reinforcement, in the form of mats of welded 
steel rods, is either sandwiched between two 
layers of wet concrete or pushed down into 
the body of a single slab, 


The Romans built toits overseas are marked on this 


85,000km (53,000 centres of sup in orange; 
miles) of roads ply. Major land 

to link Rome and water routes 

3 The Roman road 

pavement was based 

on a compacted 


wrth footing [1] with 
a layer of small 
stones in mortar 

12] and above 
filling [3] and 
a slab su {a}. 
Atthe sides were 
retaining stones 
15] and ditches 
for drainage [6]. 


4 McAdams pavo- 
ment had a compacted, 
cambered earth foot- 
ing [1], a 10cm (4in) 
base courseofstones ZAPT EA 
[2], a 10cm middie H 

course of stones [3] 
and a wearing sur- 
face of small stones 


surtace of tamped 


in the latter halt stones about 
Granular sub-base [1], of the eighteenth the size of walnuts 
25cm base layer of century had afounda- [3]. Retaining stones 
lean concrete [2],a tionofheavystones [4] were placed at the 
6.5cm layer of tar or rammed into an sides. The construc- 
rolled asphalt [3], earth base slightly tion ensured good 
3.5cm wearing below ground level drainage. Different 
course of rolled [1]. Above this was surfaces included 
asphalt (4), aconcrete a 16cm (6in) layer herringbone [5]. 


‘of medium-sized 
12] and an 


opus testaceum 
(brick and tile) (6) 
and cobbles [7]. 


haunch [5] and a hard 
shoulder of asphi 
‘ona concrete base 16). 


turbing the ste 
Surface irregularities 
are then eliminated 
with an automatic 
screeding machine 
carrying two trans- 
verse vibrating metal 
strips which spread 
a slight wave of 


a paver which 
extrudes an even 
layer as it creeps 
along. This layer is 


compacted with ‘excess mix over the 
poker vibrators. surface. After final 
After a mat of steel levelling by means 
reinforcinghas been of straight edges 

laid over the wetcon- manipulated by hand 


from a travelling 
bridge, mechanical 


crete a second paver 
places another layer 


of concrete over ti brushing is used to 
steel. A vibrating produce a non-skid 
beam is used to ‘surface, The cor 
‘compact this thin is protected with 
layer without dis- waterproof tenting. 
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Traffic engineering 


Modern road systems evolved over many 
hundreds of years out of the network of 
routes that linked villages and townships 
across the length and breadth of every 
country. In early times, the farmer's cart 
threaded its way between fields, skirting 
woods, avoiding water and seeking the most 
convenient routes across hilly ground. In 
mountainous country, the principle of siting 
roads in the general direction of contours was 
developed to maintain reasonable gradients 

The Romans attempted to reduce the 
wastefulness of meandering roads by driving 
theirs, wherever possible, in simple, straight 
lines, using civil engineering techniqu 
carry the roadway over soft ground, natural 
depressions and rivers 


Development of road construction 

By 1826, the British engineer Thomas Tel- 
ford (1757-1834) had reconstructed the 
road from Shrewsbury to Holyhead to 
Specifications which minimized curvature 
and gradient and provided perfect drainage 
Now a part of Britain's AS highway, his road 
was a model of its time, providing what is still a 


top-gear highway for the whole of its length 
Special highways for fast motor traffi 
appeared in America and Europe in the 
1920s, notably around Milan where a system 
of single-carriageway autostradas was devel- 
oped by private enterprise. In Germany 
Adolf Hitler was impressed by the military 
potential of these roads and a vigorous prog 
ramme of highway building began with the 
Frankfurt-Darmstadt autobahn in 1933-5 
With subsequent design improvements, the 
modern high-speed freeway or motorway 
emerged. High speeds do not necessarily 
imply danger. Research has shown that a 
segregated freeway can handle much more 
traffic at faster speeds and much more safely 
than a typical arterial road with cross junc: 
tions, kerbside parking and other hazards, 
The essentials of freeway design are rela- 
tively simple ~ no frontage development 
separate up and down carriageways, no turns 
across the path of oncoming traffic, no sharp 
curves, and marked lanes of 3.7m (12ft) stan. 
dard width. Simple though these principles 
are, old roads can rarely be upgraded to free- 
way specifications. Freeways are therefore 


2 Electronic signs 2 
on British motorways 
are operated by pol: 
ice at central con 

trol stations. They 
are normally blank 
butcan be activated 
to showa variety of 
illuminated symbols. 
Surrounding these 
signs, coloured 
lamps flash to draw 
motorists’ attention, 


3 Language problems 
have been overcome 
inrecent years by 

the introduction of 

a standardized 
system of road signs 
which can be recog. 
nized by motorists 
internationally. 


524 


Lane closed 
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Stop and wait until signal changes 


ht 


Information 


Prohibitions 


© 


built as new roads. A typical modern freeway 
with a design speed of 110km/h (70mph) 
meets the following specifications: three 
lane carriageway width 11m (36ft); central 
reserve width Sm (16.4ft); crossfall grade 
for drainage 1 in 40; minimum curve radius 
900m (2,9S0ft): super-elevation for 900m 
curve 1 in 22; uninterrupted visibility at 1.1m 
(3.6ft) above road surface 250m (820ft), 

Urban freeways are designed for lower 
speeds with more frequent access for local 
traffic. Because it is impractical to drive 
urban freeways through existing cities at 
ground level, they are often built as elevated 
structures or in tunnels, Though tunnelled 
roads are more costly they may justify their 
expense by avoiding the damage elevated 
roads do to the environment 


‘Traffic controls 
Some of the earliest attempts to control 
traffic were made in Rome with the banning 
of daytime cart traffic in the city during the 
first century AD. 

With the expansion of trade and com- 
merce during the Renaissance, several cities 


1 Freeway inte 
changes are designed 8 
to minimize traffic 
conflict. Different 
needs are met by a 
number of designs 
IA] The Almondsbury 
interchange between 
Britain's M4and M5 
motorways allows 
trafficto flow 

safely towards any 
destination without 
much loss of speed. 
1B] The trumpet inter. 
change provides a 
freeway T-junction 
with three-way access 
and minimum conflict 
(C] Where a freeway is 
crossed by a major 
road, the major road 
isdividedto form a 
roundabout either 
over or under the 
froeway itself 

ID] Purpose-built 
junctions are 
designed to c 
a country road net 
work with a freeway, 
[E] The classic 
“cloverleat”' freeway 
interchange achieves 
sate access to and 
from all directions 
with little traffic 
conflict. Traffic 
thatis changing 
direction must 
reduce speed in 
compact inter 
changes of this form 


yA]. 
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introduced rudimentary traffic regulations, 
including the use of one-way streets and 
parking restrictions. Leonardo da Vinci even 
envisaged separation of traffic on two levels. 

The arrival of the motor age at the turn of 
the century saw the tentative beginning of 
scientific traffic engineering with the adop- 
tion of a traffic code for New York in 1903. 
Customary rules such as keeping to the left in 
Britain and giving way to the right on the 
Continent, began to be enforced by law. The 
introduction of safety road signs, automatic 
traffic lights at busy urban junctions and 
roundabout systems followed. Traffic 
engineering is a distinctively twentieth- 
century science, born out of the hazards 
brought to human societies by a torrent of 
motor vehicles. Its object is to provide safe, 
convenient and economic movement of vehi- 
cles and pedestrians 

More recently, traffic engineering has 
been defined as the science of fitting roads to 
traffic by planning and design, and traffic to 
roads by regulation and control, in order to 
achieve maximum capacity with safety, This 
depends on analysis of traffic flows, conges- 


4 Urban freeways a 


have to be designed 
within the confines 
of existing cities. 
Access points must 
fit local tratfic 

needs, both in 

their location and 
their capacity. As 
freeways cannot be 
accommodated in 
existing cities at 
ground level (except 


where an old rail ofthe atmosphere by 
track, for example, the high concentra 
isgiven over toa tion of exhaust 


furesin the sur 
rounding area and by 
the noise of high- 
density. fast 


roadway), they may 
be built in tunnels 

or overhead. One of 
the disadvantages of 


surface routes and traffic. Overhead 
olevated city free- roads may aiso look 
waysis pollution unattractive or spoil 


tion and accidents. On motorways, increased 
apacity at high speeds with safety is sought 
by minimizing the chance of traffic conflict 
The road designer must achieve these aims 
with the least harm to the environment. 


City traffic 
The complexity of traffic engincering 
increases off the freeway as vehicles seek 
facilities to stop or park throughout the city 
Expedients to reduce congestion include 
parking restrictions, designation of clearways 
where no stopping is permitted, bans on U 
turns, extensive one-way systems and tidal 
flow systems of traffic lights to allow an unim- 
peded path along busy routes. In many cities, 
the policy is to reduce private traffic by both 
the improvement of public transport and the 
control and restriction of car parking. 
Already in some cities, traffic surveillance by 
remote-controlled TV cameras enables 
experienced traffic officers to operate elec 
tronic signs to reroute or restrict traffic. 
Semi-automatic road systems now under 
study could conceivably lead to an electroni- 
ally controlled flow of cars on major roads. 


a freeway can dis: 
perse quickly enough 


views from existing 
apartment buildings. 


Architecturalvelues to avoid a build-up 
can be radically ofslowtrafficon 
affected by the the through roadway. 


Such structures can 
often bring increased 
congestion tothe 

old roads near 

the freeway exit. 


construction of an 
urban interchange. 
Complex structures: 
are needed to ensure 
thattraffic leaving 


Today's road-user is 
served — or perhaps 
confused — by a proli- 


feration of warnings, 
prohibitions and 
instructions applied 


in his own interests 
by the modern science 
of traffic engineering. 


5 One rapid method 
of constructing an 
elevated motorway 
isby assembling 
prefabricated con 
crete sections [1] 
onatemporary plat- 
form [2] whichis 
moved [3] after 
steel cables (4) 

have been threaded 
through holes and 
tensioned by tight 
ening nuts 

onthe threaded 
cable ends [5]. 
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Airports and air traffic 


When Orville Wright (1871-1948) and his 
brother Wilbur (1867-1912) made man's 
first powered flight on 17 December 1903 at 
Kitty Hawk, North Carolina, USA, they 
revolutionized transportation. In theory the 
new aircraft made possible the movement of 
men and goods from any point on earth to 
any other without the need for massive 
engineering projects on roads, bridges, tun- 
nels and seaports. Landing facilities were 
necessary but before the 1920s any large, 
dry, level space sufficed for the purpose. 


(818,9501b) were carrying up to 500 passen- 
gers and needed more than 3,500m 
(11,480ft) of runway to take off. These 
lengths are for sea-level airports and at 
higher altitudes runways must be even 
longer. Typical commercial air speeds also 
increased from approximately 280km/h 
(173mph) to 1,000km/h (620mph). 

Runway width varies today between 50m 
and 70m (160-230ft) with taxiways 25m 
(80ft) wide connecting the runways with the 
loading and unloading areas. The heavier air- 
liners have a cluster of landing wheels to 
spread their weight; thus modern design 
Practice specifies a runway strength sufficient 
to bear 100 tonnes per single wheel or 125 
tonnes for a pair of dual wheels. 

Most busy airports have at least two run- 
ways lined up in different directions [Key]. 
This enables the aircraft to take off and land 
into the prevailing wind , A good layout (neg- 
lecting noise considerations) is a six-pointed 
star providing a pair of runways in each of 
three directions separated by 120 degrees. 
But such a layout requires a clear area of 10 
square kilometres (3.9 square miles), so it is 


Cd 
Ba 


Runway size and st 

From the early 1920s the establishment of 
public air passenger services, and the 
increase in size, weight and speed of aircraft, 
resulted in the need for complex installations 
including suitable runways and facilities for 
Passengers and cargo. The rapid growth in 
the size of aircraft since their invention is 
illustrated by the fact that during the 1930s 
an aircraft carried on average 20 passengers, 
weighed about 12,000kg (26,4501b) and 
needed 600m (1,950ft) of runway while in 
the 1970s Jumbo jets weighing 372,250kg 


2 


1975 Concorde 


1965 OC 8/63, 3000 
h 


1985 Comot a 


1945 Constellation 


r s 
=] 0 km/h 
1 The technology consistent with 

of aviation has safety is to con- 
advanced much more ‘struct a new airport 
rapidly than that of at a new location. 
most other means of It is doubtful, how- 
transport, Fifty ever, that aircraft 
years have seen air- speeds will increase 
craft speeds jn- inthe near future 
crease to as much due to the controversy 
as 2,335km/h (1,450 ove ise levels. 
mph) in the case of Typical passenger 
Concorde. When the transport aircraft 

total area avai le and their maximum 
limits runway length ‘Speeds are shown 

the only solution on the chart. 


ition since the ad- 
vent of the larger 
more powerful and 


ment procedures 


include keeping with- abo Ps 
ance must be struck in a defined flight 
between the demands path, making the 
of efficiency andthe approach for landing 


Urban land 


inimization of 
minimization of B 


disturbance. Heath- 
row airport, London, 


a fixed angle of 
from a height of 
300m (1,000ft) and re- 


at 50 + 


is the busiest airport ducing power and the 

in Europe; because rate of climb as soon 

ofits situation close as the aircraft has tented 
toa numberof sub: reached 300m after 

urban localities strict take-off. The en- Rural land 
rules have been made vironmental battle 

to control noise. over Concorde has en 

In 1958 noise limits been based as much A 
ware set at 110 on the question of Pre-1971 
PNdB (a measure of exceeding accepted aone 
perceived noise) dur- maximum take-off as 
ing the day and 102 inding noise as einer 


PNGB at night, and 


on the vexed ques- 
there has been no re- 


tion of sonic boom, 


1974 noise 


footprint 
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usual to economize on space by building all 
airport facilities and control, passenger, 
cargo and car parking in the centre and 
served by approach tunnels. An example of 
this design is London's Heathrow airport 


Airport location 
Airports must be located as near as possible 
to major population centres if air transport is 
to retain its advantage of speed, especially on 
short-haul routes. London Heathrow to 
Amsterdam Schiphol [2], for example, takes 
about 45 minutes flying time. But the road 
journeys from the West London Air Ter- 
minal to Heathrow (24km [14 miles}) and 
from Schiphol to Amsterdam city centre 
(12km [7 miles}) can take up to 90 minutes 
and passengers can spend much time at the 
airports waiting for customs clearance and 
their flights to be called. Buenos Aires 
international airport is 50km (30 miles) from 
the city centre while Hong Kong airport is 
only 7km (4 miles) from the main centre, 
Airports must be serviced by good road 
and rail facilities to enable the efficient inflow 
and outflow of passenger and freight traffic at 


2 The development of a typical modern 
of Amsterdam's airport. In 1920 it 

Schiphol airport il- consisted of a level 
lustrates the growth landing field about 


‘18q km (0.48q mile) 
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See aiso 
Moder arcatt 
Earthmoving 
‘machines 
Rasiways ofthe 


in size [A]. By 1938 
four relatively short 
runways had bean 
built [B], By 1967 

IC] the airport bound: 
aries had been greatly 
extended and the run- 
ways had been re-sited, 


lengthened and also 
interconnected with 
a network of taxi- 
ways and parking 
aprons. More ex- 
tensions are planned. 


densities equivalent to the airport's capacity. 
Some airports such as Kennedy airport, New 
York, can be reached by means of helicopter 
shuttle services. 

Modern jet aircraft are noisy and airports 
must therefore be sited so that the take-off 
air lanes avoid populated areas as far as pos- 
sible. Current legislation in most countries 
limits take-off noise [3] to between 110 and 
120 PNGB (perceived noise decibels) at 
ground level in the flight path. 


Passenger and cargo handling 

Passenger facilities [6] at a modern airport 
have to be designed to deal with a wide var- 
iety of services: airline booking and checking 
in, baggage handling, open and duty-free 
shopping, departure and transit waiting and 
restaurant service, passport control, customs 
and short- and long-term car parking. These 
must be adequate to service the full loads that 
arrive with each giant airliner every few 
minutes, Cargo facilities include vehicle 
access, booking offices, warehousing, hand- 
ling gear and customs. There must also be 
provision for airport police, and fire and 


4 Aircraft navi- gational facility) (1) 
gational aids include at flight path inter- 
VOR beacons (very sections to give 

igh frequency navi- bearings and distance. 


ambulance services in case of an emergency. 

‘The air traffic control facilities required at 
a modern airport are considerable. The con- 
trol tower must be sited so that control staff 
can see all runways in fair weather and ait 
port lighting must allow for comparable 
bility during the night as well as providing 
pilots with adequate airport recognition and 
runway lighting for landing and take-off. 
There must be equipment to provide VHF 
radio-telephone contact between the control 
tower and pilots of all aircraft on the ground 
and in the air, 

Landing aids [4], essential in low- 
visibility conditions, include radio beacons to 
provide control signals for blind landing. Full 
radar scanning is also necessary to enable 
staff to “see” all aircraft at night or in fog. 

Airports must also be safe places. One of 
the new safety measures on the ground is the 
extensive search necessary to thwart poten- 
tial hijackers. Airport personnel, aided by 
electronic di » Carry out these searches, 
‘The airport lighting system acts as a direction 
guide for a pilot, to make landing and take- 
off safe at night as well as in bad weather. 


radar (3), individ- 
ually identified and 
guided to a holding 
stack [4] in which in- 
bound aircraft fly 


At airports traffic 
plotted by a primary 
radar [2] is called 
up by surveillance 


in oval circuits at 


Stack control is os- 
sential at modern take- 
off and landing rates; 
those waiting their 
turn must remain in 


bottom the pilot lo- 
cates the radio-de- 


radar [6] “sees” all 
ground vehicles even 
in dense fog and 

the staff at the 

control centre [7] 
co-ordinate all 
movements by means 
of two-way radio. 
Near large airports 
there are additional 
stacks to hold extra 
aircraft if landings are 


-~ temporarily stopped. 


1 Control tower = 
2 Boarding points 
3 Cargo 
4 Hangors 
5 Moin runways 
6 Radar head 
The ideal airport As the heavy aircraft it is most needed. 
provides landing and of today aro less The runways have 
take-off directions by cross- been lengthened from 
into, or nearly winds, the full star time to time to 
into, the prevailing is no longer neces- accommodate these 


today 
is 3,900m (12,800ft). 


wind. This layout is sary and runway 
the basis of London's extension has been 
Heathrow airport. confined to where 
5 O'Hare interna- 

tional Airport. Chi- 


cago, is one of the 
busiest in the world. 
Ithas two domestic 
multi-berth terminals 
[in addition to. 
aninternational one 
12], andits other 
facilities include an 
hotel [3], car parks 
[4] and a restaurant 


passport cor 
customs agencies and 
the means of handling 
airfreight and other 


types of cargo. 


6 Passenger and bag- 
gage routes are kopt 
separate in modern 
airport terminals to in- 


gram shows traffic 
flow to [2] and from [1] 


an aircraft; parking 

[3], customs and excise 
la]. baggage [5], and 
service [6] areas, 


Heathrow by night. 
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Tunnel engineering 


Tunnelling was probably one of man’s car- 
liest exercises in the field of civil engineering. 
The ancient Egyptians are known to have 
built tunnels for transporting water and for 
use as tombs. They also undertook mining 
operations, cutting deep tunnels to excavate 
copper ores. Today tunnels are used for road, 
rail and pedestrian transport, for carrying 
water — especially at dams -and in mining. 


Some early tunnels 
The first underwater tunnel was probably 
built in about 2160 BC by the engineers of 
Queen Semiramis of Babylon. The Eu- 
Phrates had been diverted and the engineers 
dug a channel in the river bed. In this they 
built a brick-lined tunnel some 900m 
(3,000ft) long, waterproofed with bitumen 
plaster about 2m (6.Sft) thick. It connected 
the palace with a temple across the water. 
Tunnels have often been used in warfare 
to penetrate enemy defences. Historians sug- 
gest that the walls of Jericho were almost cer- 
tainly brought down by driving a tunnel 
beneath them and then lighting a fire to burn 
away the wooden props supporting the roof. 


Exit 


acted against the 
tunnel shields. 


Tunnels, some cut through hard rock, 
were used extensively by the Romans in 
building their famous system of aqueduct. 
The Appian aqueduct, built in about 312 BC, 
ran as a tunnel for almost 25km (16 miles), 

After the time of the Romans no large 
tunnels were built for more than a thousand 
years. It was the coming of the canal age in 
the seventeenth century that produced a new 
generation of tunnel builders, 

Man's first great tunnel built for 
transportation was part of the Canal du Midi 
It was completed in 1681 and ran across 
France from the Bay of Biscay to the 
Mediterranean. At Malpus, near Beziers, a 
158m (515ft) tunnel was cut to carry the 
canal through a rocky ridge. It was the first 
tunnel built with the aid of explosives — gun- 
Powder was placed in hand-drilled holes, 


Rail and underwater tunnels 

Throughout the eighteenth century canal 
tunnels were built both in Europe and 
America, but with the onset of the railway 
age in the early nineteenth century canals fell 
into se as a means of transport. The 


1 Brunes tunnel- > 

ling shield consisted A 

of 12 vertical cast- 

iron sections. The 

men were protected 

by horizontal tim- 

bers held 

the tunnel 

These could be re- 

moved for digging, 

‘one at a time. When 

the face had been 

excavated about 30cm 

(12in) the jacks hol- 

ding the timbers were 
ased and the 

iold moved for- 

wards by means of 

large jacks that 


Booking hall 2 A typical drilling 
Pattern for blasting 
through rock involves 
a centro group of 
holes that are 

j Packed with a high 
‘explosive such as 
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construction of railways, however, itself pro- 
duced a huge increase in tunnelling. One of 
the most remarkable and difficult tunnels was 
the Simplon tunnel under the Alps, com- 
pleted in 1906. It runs for 20km (12 miles) 
and connects Switzerland and Italy, with a 
2.1km (1.3 mile) stretch below Monte Leone 
through rock. 

Between 1825 and 1841 the British 
domiciled French engineer Marc Brunel 
(1769-1849) built the first major underwater 
tunnel ~ still in constant use by the London 
Underground - beneath the Thames at 
Rotherhithe. Brunel constructed his tunnel 
by means of a tunnelling shield [1] ~a device 
consisting basically of a vertical face of stout 
horizontal timber baulks that could be 
Temoved one at a time to enable clay to be 
dug out, each baulk then being replaced 
farther forwards. Brunel's shield preceded 
the modern circular tunnelling shield, 

Soon after Brunel's triumph plans were 
Prepared to build a tunnel under the English 
Channel, In 1882 an army engineer, Colonel 
Frederick Beaumont, designed and built a 
tunnelling machine suitable for cutting a hole 


dynamite, [A] shows 
the holes in a vert 


and rubble block the 
tunnel face, Engin: 
eers drill the hole- 
pattern in sucha 
way that the rock is 
smashed into manag 
imps. The 
‘machine for the re 
moval of blasted 
rock [C] includes a 


horizontal 
section showing the 
explosive placed in 
the rock face. After 

the explosive charges 
have been detonated 
a heap of rock lumps 


—— 


3 London’s recon- 
structed Oxford Cir- 
cus Underground 
junction provides 
interchange facilitios 


temporarily above 
street level. T} 
Victoria line w 
cavated mainly 
autom; 


for three systems: the digger”, 
Bakerloo (brown), vanced up to 18m 
Central (orange) and (59ft) a day, This 


Victoria (blue) lines, 
The new booking hall 
was built under a 
steel ‘umbrella 


machine consists of 
two steel drums, with 
the edge of the 

outer drum bevelled 
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rock shovel near the 
which loads 
material into 


t conveyor 
for moving the rock 
rubble back to trucks, 
The whole machine 
is gradually moved 
towards the face. 


to cut through the 
London clay, At one 
Victoria line station 
-bearing ground 
was frozen by pump- 
ing liquid nitrogen 
into tubes driven 
1.6m (5.5tt) apart. 
Station tunnels 

‘on the Victoria 

line are 6.5m 

(21.5ft) in diameter, 


2.3m (7.5ft) in diameter through chalk 
Driven by compressed air, the machine 
advanced 12m (39ft) every 24 hours and had 
cut a hole 1.6km (1 mile) long eastwards 
from Dover when work was stopped for 
Political reasons. A second tunnel, begun in 
1973, was abandoned in 1975 because of the 
escalating construction costs 


Modern tunnelling methods 

Tunnels through hard rock are usually built 
by drilling and blasting [2]. A pattern of holes 
is drilled into the rock face by using com- 
pressed air drills operated by men on a 
moving carriage or “jumbo” runningon tem 
porary rails. A drill tipped with a tungsten- 
carbide bit can penetrate 2 to 3m (6 to 10ft) 
in four to five minutes. When a round of holes 
is ready a high explosive such as dynamite is 
packed in and detonated. A mobile rock 
shovel lifts the shattered rock into dump cars 
which are hauled away by a locomotive. 

Soft material such as sandstone, clay and 
chalk is cut through by automatic ma 
[Key]. One of the largest of these machines to 
be used cut five 9m (29ft) tunnels through 


ines 


4 Underwater tun- 
nels are increasingly 
being built by 

the immersed tube 
method. Prefabri- 
cated steel or con 
crete sections of 
tunnel are sealed at 
tho ends and floated 
into position. There 


they are sunk into 

a trench dredged 
into the bed of 

the lake or river 

The sections are 
then joined together 
end to end with 
watertight joints 
and covered with 
previously dredged 


480m (1,600ft) of sandstone and limestone 
during the building of Pakistan's Mangla dam 
in 1963. Machines of this kind have a hy- 
draulic cutting head that turns slowly and 
scrapes out the material at the face of the 
tunnel. This is lifted by a mechanical shovel 
on to a conveyor which carries it back to 
dump cars behind the machine. Mechanical 
arms lift and place in position huge prefabri- 
cated sections of concrete tunnel lining 

Shallow tunnels are sometimes built by 
the “cut and cover” method. A deep trench is, 
excavated, the completely roofed tunnel 
lining is built at the bottom and this is then 
covered with excavated material, 

In underwater tunnelling the working 
area may have to be pressurized so that the 
internal air pressure exceeds the pressure of 
water, After placing the tunnel lining 
engineers pump cement grout, a sealing mix- 
ture, round it to make it watertight. Another 
method sometimes used in water-bearing 
gravel is to sink tubes on each side of the path 
of the tunnel and pump in liquid nitrogen 
The water in the gravel is frozen solid and the 
tunnel can then be cut 


Protiminary 
dredging 

Tunnel in position > 
betwenn pontoons V 


material. It is ec- 
onomical to make all 
the tunnel sections 
close to the tunnel 
site and factories 
for this purpose 
may be built on the 
shore: the tunnel 
sections are floated 
tothe site on barges. 


Alternatively, pre- 
fabricated concrete 
or stool tunnel sec 
tions can be made in 
a floating dry dock 
that is moored 
alongside the site 

at which they are 

to be sunk into 

the dredged trench 


6 The Chesapeake 
Bay bridge-tunnel 
was one of the boldest 
prefabricated under 
water tunnel pro- 
jects. This 2km (1,25 
mile) tunnel between 
two man-made is. 
lands passes under 
one of three shipping 
lanes along the re- 
markable 28km (17 
mile) causeway that 
crosses Chesapeake 
Bay on the US east 
coast. There is a 
second, similar tunnel 
and at the east end of 
the structure, be- 
tween two islands, 
there is a high- 

level bridge. The 
four man-made is: 
lands built of sand, 
stone and concrete 
are each 450m (1,480 
ft) long and 70m 
(230ft) wide. The 
tunnels were built 

by sinking pre- 
fabricated double: 
skinned steel 

tubes into a 

dredged trench 


The Mersey Mole, a 
new soft tunnelling 
machine, was used in 
1967 to cut a 10.3m 
(34ft) hole through 
the soft rock under the 


5 The first Mersey 
road tunnel at 
Liverpool is shown 
here in section. The 
tunnel falls stead. 

lly from its portals 

to a central point 
whore pumps operate 
to remove any water 
that may seep in, 


7 The Seikan tunnel, 
now due to be com: 
pleted in 1981-2, links 
Japan's main island 
of Honshu with the 
north island, Hokkaido, 
At36km (22 miles) it 
will be the world’s 
longest tunnel, 
Although 100m (328 ft) 


8 The four-lane road 
tunnel under the IJ 
river in Amsterdam, 
completed in 1967, 
was built mainly by 
the immersed tube 
method although one 
section, where:the 
ventilation facili 

ties are located, was 
constructed on site. 
The prefabricated 


River Mersey at 
Liverpool, England. 
The machine can 
cut away the tunnel 
face and convey 
the material back 


to skips running 
on rails, It also 
contains handling 
gear to position 
fabricated concrete 
lining sections. 


This tunnel has a 
diameter of 13,5m 
(44ft), carries four 
traffic lanes (with 
space, never used. 
for two double-decker 
tramway lines below) 
and runs for 3.2km 

(2 mites), half of 
itunder water. The 


tunnel was hand ex 
cavated in four stages. 
First two pilot 

tunnels were cut, 

‘one above the other. 
then the entire 

tunnel was opened 
out, top half first. 

The tunnel was 
completed in 1934, 


of rock cover the 
tunnel under the 


facility tothe 
high-power pumping 
deepest water, the plant. The tunnel 
danger of aleak at runs for 22km 

high pressure prompted (14 miles) through 
the designers to volcanic rock. The 
extendthelowsection drilling and blasting 
toa lower level at method and rock 
each end, providing tunneling machines 
amaijor drain-off are both being used. 


air duct below each 
As the river bed was 
very soft the tunnel 
sections were laid 

on sliding plastic 
bearings on a con- 
crete raft supported 
by long piles. The 
tunnel sections were 
waterproofed with a 
bituminous mem- 
brane and a steel skin. 


reinforced concrete 
tunnel elements were 
from 70-90m (220- 
300ft) long and 
weighed up to 17,000 
tonnes. They were de- 
signed as a flat box 
with two 7m (23ft) 
roadways side by 
side with service 
ducts between them 
and a fresh and foul 


a 


History of bridges 


The earliest bridges were probably logs 
thrown across streams or the stone slab 
“clapper” bridges such as those still surviving 
in Devon, England. Another type of water 
crossing was provided by bridges formed of 
boats fixed together. The Greek historian 
Herodotus (c. 485-425 BC) provides the 
earliest record of a more permanent struc- 
ture. This crossed the River Euphrates at 
Babylon about the eighth century BC. 

Less durable perhaps, but certainly as 
remarkable technically, was the bridge of 
boats built for King Darius (548-486 BC) in 
512 BC. It enabled the advancing Persian 
army to cross the Bosporus and invade south- 
eastern Europe. Darius’s successor Xerxes 
(€. 519-465 BC) instructed his engineers to 
repeat the Bosporus exercise on the Helles- 
Pont (now the Dardanelles) [2]. On this occa- 
sion two bridges using 674 boats were built 
side by side spanning 1.4km (0.87 mile), 

Rivers in mountainous country pose 
different but equally difficult problems and 
provoke some equally impressive solutions. 
Fa-Hsien, a Buddhist monk, writing in AD 
412, came across a 92m (300ft) bridge of 


Roadway of 
timber 
decking 


Rivor flow 


1 This drawing of the 
Euphrates bridge [B] 
at Babylon has been 
Projected from an- 
cient records, [A] The 
ridge [1] connected 
the old city [2] with a 
newer residential 
Suburb on the west 
bank [3] of the 


Piers builtin dry river bed 


4 Hooda of martyrs 
‘and criminals 

played over 

reat Stone Gate 

Collapsed and rabuite 

1437-40 


Houses joined 
by gallery 
(hauptas) 


ropes traversing a deep ravine while he was 
travelling in India. This form of primitive 
Suspension bridge is known to have been 
widely used in South America, Central 
Africa, South-East Asia and China as well as 
in India. Jungle creepers served as ropes for 
many of these bridges, woven split bamboo 
being used in the construction of others, The 
Incas of Peru were still building such bridges 
to carry mountain roads over ravines as late 
as the sixteenth century [3]. 


Roman bridge building 

The Romans developed the art of bridge 
building, like most things they tackled, 
systematically. The Pons Sublicius built over 
the River Tiber in Rome in 621 BC was 150m 
(492ft) long and famous for being defended 
by Horatius in 508 BC. Built entirely of 
timber, it was founded on timber piles driven 
deep into the river bed, The most remarkable 
Roman timber bridge was the 420m (1,378 
ft) structure built across the River Rhine in 
50 BC. The last plank was placed in position 
just ten days after Julius Caesar had ordered 
the bridge to be built 


Boat-shaped 
stone piers 


2 A unit of King 
Xerxes’ army of 
480 BC crosses the 
Hellespont by a 
bridge of boats in 
Nonesuch House (1577) 


built on site of 
Newstone Gate 


Tab 


~ 
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The Romans’ legacy to bridge building 
was the heavy masonry arch bridge, hundreds 
of which were built throughout Europe [5] 
In this, large stone blocks were wedged 
against each other to form an arch. The 
central stone at the top of the arch was known 
as the keystone. The finest surviving example 
of such a bridge is the Pons Fabricius in 
Rome. Completed in 62 BC the bridge (now 
called the Ponte Quattro Capi), has two fine 
semicircular arches each spanning 24m 
(78ft). A small “relief” arch in the central 
springing of the two main arches releases 
excess water in times of flood. 


Priests and professionals take over 

So prolific and efficient was Roman building 
that it was hundreds of years before Euro- 
peans took to bridge building anew. Then, 
surprisingly, it was the Christian Church 
which, recognizing the advantages of good 
road communications in a developing soc- 
iety, took the lead. In France a group of 
interested priests formed a new order, the 
Frères du Pont, to design and build lasting 
bridges. Most famous of this order's works 


this artist's im- 
pression, Alexander 
the Great crossed 
the Indus in India 
on a pontoon bridge. 


3 Suspension bridges 
built from jungle 
creepers and stakes 
have been used for 
centuries by prim: 


House and shop built Remains of 
‘over chapel remains Peter of Colechurch’s 
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Smali technology 
andi 


itive societies in 
hilly regions. This 
Indian bridge in 
Peru is a typical 
modern example. 


ned by a 
priest. Finished in 
1209 after 30 years 

of toil, it had piers 
built on heaps of 
rubble dumped in the 
river and held in 
place by encircling 
rows of closely 
spaced wooden 
driven deep into the 
river bed. Over one 
of the piers stood 

a chapel dedicated 
to Thomas à Becket. 
The sixth span 


pass. Multi-storeyed 
houses and shops 
were built along the 
bridge with a wide 
enclosed corridor 
forming the roadway 
below. These build- 
ings were destroyed 
by fire on several 


each time in the 
current architectural 


style. The bridge's 20 
pointed arches varied 

in span from 4.5m (15ft) 
to 10.5m (34ft), the piers 
occupying half the 

total river width, For 
many years London's 
only dry crossing, 

‘old London Bridge 
stood for more than 

six centuries before 
being replaced in 1831 


was the Pont d'Avignon built in 1177 over 
the River Rhdne, It had 21 arches in all, the 
longest being 35m (115ft) in span. Likewise 
in England it was Peter de Colechurch, a 
chantry priest, who conceived, designed and 
eventually built the first stone bridge over the 
Thames — the famous multi-span London 
Bridge [4] 

Until the late seventeenth century bridges 
continued to be designed and built largely by 
Priests or architects with a flair for engineer- 
ing. In Florence the local chamber of com- 
merce commissioned the architect Taddeo 
Gaddi (c. 1300-66) to replace the Ponte 
Vecchio, which had been destroyed by flood. 
Gaddis chief design innovation, incorpo- 
rated in his bridge over the River Arno, was 
arches that were only part of a semicircle. 
Gaddi's idea was adopted by the architect- 
priest Giovanni Giocondo (c. 1433 
He used the segmental arch in Paris's first 
masonry bridge, built in 1507. 

Such complex and essential work could 
not rest in the hands of gifted amateurs for 
ever. In 1716, following the work of French 
army engineers, France stole a march on the 


later to be widely 
copied by others, 


rest of the world by forming the Corps des 
Ingénieurs des Ponts et Chaussées (Corps of 
Bridge and Road Engineers). Jean Rodolph 
Perronet, chief engineer of the corps, 
replaced the segmental arch with the even 
more daring and flatter eliptical shape [7] 


Iron and steel bridges 

In 1779 the first bridge to be made of iron 
was built across the River Severn, England, 
at Coalbrookdale. The iron ribs and plates 
were cast at the local works of the ironmaster 


Abraham Darby. 
Wrought iron was the next major material 
for bridges and Thomas Telford 


(1757-1834) used it for the chains of his 
178m (580ft) bridge of 1826, which spanned 
the Menai Strait to link Wales and Anglesey. 
Robert Stephenson's (1803-59) nearby 
tubular railway bridge (1850) also used 
wrought iron. 

For long-span railway bridges carrying 
heavy loads, an arch or cantilever is the best 
design. An early bridge of this type was the 
steel arch over the River Mississippi at St 
Louis (1874) by James Eads (1820-87). 
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peopl 
have evolved to meet 
the needs of society. 


with ferries. In the 
‘19th century [B] these 


bridge was 
built over the River 
Tagus at Alcantara, 
Spai 


were supplement 
by rail bridges and in 
modern times [C] by 
flyovers and multi- 
purpose bridges. 


The Romans built 
aqueducts in a sim- 

ilar way, to carry 

the water supply to 
Rome. Some of these 
also had a roadway 

All Roman arches were 
semicircular, giving 
the name Romanesque 
to this type of arch, 


6 This timber canti- 
lever bridge is of a 
type that has stood 
for centuries in 
Srinagar, capital of 
Kashmir. Built on 
stone foundations 
those bridges have 
log piers spanned 
by Indian cedar. 


The arch under con- 

struction is shown sup- 
Hewastheengineer ported by timber false- 
who replaced the cir- work, and a coffer dam 
cular arch with t enclosing the pior 
more graceful ellipse, keeps out the water 


8 The stayed sus- rail and roadway were 
bridge ot cables of wrought 
Niagara Falis, com. iron wire. The stays 
pleted in 1855 by anchored the struc- 
John Roebling ture and reduced 
(1806-69), had a rail vibration in itin 
track above ar winds or when trains 
road below. Spanning passed over it. The 


250m (820ft), the 
main supports for the 


decks were hung on 
wires from the cables. 


9 Eads’ bridge over less. Eads sank the 
the Mississippi at foundations down to 
StLouis was opened rock using pressur- 


in 1874. It was the 
world’s first major 


ized caissons to 
exclude water trom 
the working area 
onthe river bad. 

The main arch had to 
give sufficient room 
above the water-level 
for boats to pass, 


156m (512ft) in span; 
the others 6m (20M) 


a 


Modern bridges 


Two nineteenth-century inventions led to a 
revolution in bridge building. These were 
Portland cement and mass-produced steel 
Cement is the vital ingredient of concrete, 
and mass concrete can be used to build piers, 
abutments (bank supports) and arches of 
“artificial” stone to any required shape 
Well-made concrete is extremely strong in 
compression (when squeezed) but it has very 
little strength in tension (when stretched) 
On the other hand, steel can withstand great 
tension as well as compression, and can be 
used for building girders of far greater 
strength than the wooden trusses of early 
days. High-tensile steel wire cables will sup- 
port immense suspension bridges, 


Reinforced concrete bridges 
These new materials, concrete and steel, can 
also be used in combination with each other. 
For example, a concrete structure does not 
have to be designed so that the material is 
entirely in compression, because steel rods 
can be used to carry the tension 

The French engineer Eugene Freyssinet 
(1879-1962) overcame the remaining weak- 


ness of reinforced concrete (the fact that steel 
in tension stretches, allowing the concrete 
immediately around the steel to stretch and 
frequently to crack) by using high-strength 
tensioned steel wires as the reinforcement 
This technique permitted Freyssinet to “pre- 
stress” concrete (pre-load it in compression), 
so that it would never be subjected to tension 
at all. The result was a material so versatile 
that it could be used to make stronger, lighter 
and more architecturally satisfactory bridges. 


Types of bridge 
There are four basic types of bridge: beam, 
arch, suspension and cantilever [1]. The 
beam bridge is, in effect, a pair of girders sup- 
porting a deck spanning the gap between two 
piers. Such a beam has to withstand both 
compression in its upper parts and tension in 
its lower parts. Where it passes over supports, 
other forces come into play. A beam may be a 
hollow box girder or an open frame or truss, 
An arch bridge can be designed so that no 
part of it has to withstand tension. Concrete is 
therefore well suited to arched bridge design. 
When reinforced concrete is used, a more 


3 The Gladesville 
Bridge over the 
Parramatta River at 
Sydney, Australia, 
isthe world’s 

longest concrete arch. 
Completed in 1964, 
itspans 305m 
(1,000ft) and carries 
an 8-lane roadway. 


4 The Medway 
Bridge in southeast 
England isthe longest 
pre-stressed concrete 
cantilever bridge. 

Its 150m (490ft) main 
spanis madeupof 
two 60m (196ft) canti- 
lever arms linked by 

a 30m (98ft) sus- 
pended beam. It was 
opened in 1963. 


elegant and sometimes less costly arch can be 
designed and most concrete arch bridges are. 
in fact, reinforced, 

A suspension bridge consists, basically, of 
a deck suspended from two or more cables 
slung between high towers. The cables, of 
high-tensile steel wire, can support an 
immense weight. The towers are in compres 
sion and the deck, often consisting of a long 
slender truss (used as a hollow beam), is sup- 
ported at frequent intervals along its length. 

A cantilever bridge is generally carried by 
two beams, each supported at one end. 
Unlike a simple beam supported at both 
ends, the cantilever must resist tension in its 
upper half and compression in its lower. 

There are also many composite forms of 
bridges. The bridle-chord bridge is a 
combination of a long beam (usually a 
trussed girder) partially supported by steel 
wires from a tower at one end, or from towers 
at each end. Most cantilever bridges are 
designed so that a gap remains between two 
cantilevered arms that reach out from their 
abutments; the gap is bridged by a simple 


beam. “Movable” bridges, like London's 
1 Bridges are of cantilevers and the 
four main types: two steel trusses that 


the beam bridge 

IA], the arch bridge 
[B], the suspension 
bridge IC] andthe 
cantilever bridge [D]. 
The three main struc- 
tures of the Forth rail. 
way bridge [E] are 


connect them are 
‘end-supported beams. 
In{Flitisthe 

lower member that 
forms the arch, The 
suspension bridge [G) 
has its roadway 


2 The Howrah Bridge 
atCalcuttaisthe 
world’s fifth longest 
cantilever, spanning 
453m (1,500f), The 
two main piers of this 


bridge were built 
hollow with twenty: 
‘one vertical shafts, By 
digging out the sand 
atthe bottom of 
these shafts, the 


CONNECTIONS 


mous steel cables 
passing over tall tow- 
ers. The tworising 
rms of Tower Bridge 
in London [D, H] 

are cantilevers, 
whereas the slender 
truss which connects 
the top of the 

towers is a long beam, 


piers were made to 
sink steadily down 
until they reached 
impervious clay. 
The bridge was 
opened in 1943, 


famous Tower Bridge, have cantilevered 
arms or “bascules 

There is more to a bridge than the main 
span and without proper foundations for the 
piers or towers the whole structure would 
fail. Most modern bridges have reinforced 
concrete foundations, often keyed into bed- 
rock. They may have to be designed to with- 
stand the scouring action of tides, buffeting 
from pack ice and even mild earthquake tre 
mors. If solid bedrock is too deep to be 
reached by excavating, foundations can be 
built on piles driven into the subsoil 


Theoretical limits of bridge spans 
A bridge carries two loads. The useful load is 
the live load of crossing traffic. In addition it 
must carry its own weight, the dead load. The 
longer the span of a bridge, the greater its 
dead load: consequently there isa theoretical 
span limit for any given material and method 
of construction. Theoretical limits can be 
compared with current achievements using 
modern materials. The longest steel arches in 
existence are the 496m (1,652ft) Bayonne 
Bridge in New York City and the 503m 


(1,650ft) Sydney Harbour Bridge in 
Australia [7]. The theoretical span limit for 
steel bridges of this type is about 1,000m 
(3,280ft). In theory engineers have consider- 
able scope here. But the limiting factor is 
cost, and a long steel arch is not usually the 
most economical way of bridging a wide gap. 

The longest steel cantilever is the 540m 
(1,771 ft) Quebec Bridge in Canada. This was 
a great achievement considering it was com: 
pleted in 1918. The theoret 
span limit is about 750m (2,460ft) 

The longest reinforced concrete arch yet 
built is the 305m (990ft) span Gladesville 
Bridge at Sydney, Australia [3] 

The modern suspension bridge has the 
greatest span potential. The longest yet built 
is the 1,298m (4,240ft) Verrazano-Narrows 
Bridge at the mouth of New York harbour. 
The new Humber Bridge, under construction 
in Britain, will extend this record span to 
1,410m (4,610ft). Suspension bridges 
already hold the span record, and their 
potential is even greater. Experienced desig- 
ners consider a span of 3,000m (9,840ft) to 
be possible with present-day materials. 


7 The Sydney Har- 
bour Bridge isthe 
longest steel arch 
bridge. Four urban 
rail lines and 6 motor 
lanes are carried by it 
‘over a clear 503m 
(1,650ft) span, 52m 
(170ft) above water 
!twas opened in 1932. 


8 This complex of 
slip roads leads to 
an urban motorway 
junction at Copeley 
Hill, Birmingham, 
England. The ele- 
vated Aston express- 
way in the fore- 
ground is a good 
exampleofa 
reinforced con: 
crete beam bridge. 


The Bosporus 
Bridge at Istanbul, 
opened in 1973, has a 
main span of 1,074m 
(3,520ft). An example 
of the modern trend in 


suspension bridge 
n, this bridge 
lighter and 
therefore more eco- 
nomical than many 
earlier suspension 


5 Gravelly Hill road 
junction nearthe 
city of Birmingham, 
England, seen here 
under construction 
Is a complex of box 
girders with simple 
beams that carry the 
various links of the 
flow junction 
‘over each other. A 
large number of con: 
crete columns support 
the many spans, 
Known popularly as 
"Spaghetti Junction”, 
the complete work 

is afine example of 
the combined skills 
of the civiland 

the traffic engineer. 


bridges. Asimilar 
bridge, now being 
built across the 
Humber at Hull, will 
break the world’s 
Jong span record, 


today because of 

their high strength: 
to-weight ratio, 
Building a bridge of 
this type often in- 
volves construction 
outwards from a sup- 
port(1]inthe form 

of long cantilevers. 

The method imposes 
stresses [2] onthe 
structure which will 
not occur when itis 
complete, and itis 
vital for these to 

be adequately allowed 
for. Once complet 

the bridge assumes 
designed strength. 
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Harbours and docks 


A harbour is any place that provides sea- 
going ships or boats of any kind with a mea- 
sure of protection from the wind and waves, 
To fulfil this role, a harbour must be deep 
enough to accommodate the largest ships 
that may use it, and have a bottom that will 
hold them at anchor. A port is a harbour with 
facilities for transferring passengers and 
cargo from shore to ship and vice versa. 


Natural harbours 

harbour is often a natural product of geog- 
raphy [Key], whereas a port is a man-made 
communications facility and usually has 
piers, wharves, quays and docks. There may 
be cranes and other cargo-handling equip- 
ment, warehouses, customs and excise 
facilities and passenger facilities, including 
immigration control. Large ports have repair 
facilities for ships ~ perhaps including a dry 
dock [4] — and facilities for supplying water, 
food, oil and sometimes coal. 

‘The Phoenicians used the natural eastern 
Mediterranean harbours of Tyre and Sidon 
from the thirteenth century BC until the 
Romans ended their power with the sack of 


Carthage (146 BC), The port of Alexandria 
(founded 332 BC) was an early example of a 
well-developed port, The natural harbour 
had land on all sides but the east where the 
deep-water pier was built within the protec- 
tion of a line of reefs, 

To guide ships safely into the harbour, 
Ptolemy IL of Egypt built the 135m (443ft) 
Pharos lighthouse, one of the Seven Wonders 
of the ancient world, in about 280 BC 

The growing prosperity of Europe in the 
Middle Ages led to the establishment of 
extensive trade through the ports of Venice 
and Genoa, where docking and repair 
facilities were provided. Genoa was the ter- 
minal for sea communication with western 
Europe via the Straits of Gibraltar, whereas 
Venice was the link with Constantinople. 
which had direct overland trading contact 
with the countries of the Far East 

Among carly British harbours known to 
have been developed by primitive civil 
engineering techniques were those built at 
Hartlepool (AD 1250) and Arbroath (1394), 
where the works consisted basically of 
Protective breakwaters, Dover, formerly an 


1 Natural harbours 
can be used without 
necessarily intro- 
ducing improvements 
by engineering works. 
T 


Kingston, Jamaica, 
Southampton 

and San Francisco 
are examples. New 
York Harbour is one ot 
the finest natural 
havens in the world 


2 An artificial 
harbour, or shølter, 
can be formed in an 
exposed bay by ti 
construction of a 
breakwater project- 
ing from each shor 
A single entrance 
left open where the 
deepest water is 
found. The harbour 
at Colombo, situated 
in an exposed loca 
tion in an embayment 
on the Sri Lanka 
coast, is typical. 
Others are the ferry 
port at Dover in the 
English Channel and 
the port of Monaco 
on the Mediterranean, 


3 Estuaries often 
have wide entrances 
and then the river 
gradually narrows 
Tides, therefore, 

are accentuated. The 
great tidal vari- 

ation necessitates 
various devices to 
keep a relatively 
constant level be- 
tween vessels and the 
shoreside facilities. 
At ports such as 
London, Liverpool, 
Le Havre and Antwerp 
large artificial 

basins are provided, 
separated from the 
tidal estuary by 

locks (wat docks), 
through which sea- 
going ships can enter. 


exposed seaside town, was provided with an 
artificial harbour in the reign of Henry VII 
by the construction of an enclosing break- 
water of stone and timber. 

Until the eighteenth century most har- 
bours were natural. It was the Industrial 
Revolution in England that saw the founding 
of the science of harbour engineering by John 
Smeaton (1724-92), Thomas Telford 
(1757-1834) and John Rennie (1761- 
1821). One of the most famous harbour 
conceptions in recent times were the 
Mulberry Harbours, built by the Allies and 
used during World War II for the invasion of 
Normandy (1944). They were constructed of 
prefabricated concrete sections and floated 
to the French coast. There they provided 
instant harbour facilities for the landing of 
troops, vehicles, ammunition and supplies. 


Harbour types 

There are four main types of natural har- 
bours. These are harbours in a coastal bay 
[1], river estuary harbours [3], inland har- 
bours and the open roadstead harbour where 
a stretch of coast is relatively sheltered from 


CONNECTIONS: 


See siso 


The container dock 
lipped with 
special devices for 
handling pre-packed 


A floating dock [A] cargo, A lorry [1] 

is partly submerged brings containers to 
the shipis the dock. The 

brought in. A dry “Spider” or travel 


dock [B] is a solid, ling crane [2) 


r- 
ries the containers 


from the lorry and 
places them in a 
Suitable position 

for the crane [3], 
which loads the con- 
tainers on to the 
ship. The crane's 
central cabin [4] 
follows the container 
as it is loaded. 


storms (moorings may be protected by 
breakwaters). Ports, too, are of four main 
types: commercial ports, naval ports, fishing 
ports and (a modern development) leisure 
ports, often called marinas, for yachts and 
power craft 

Commercial ports are vital to today's 
economy based on industry and trade, and 
they play a variety of specialized roles. There 
are highly mechanized cargo ports, including 
container ports [6]: passenger ports for ocean 
liners; short-haul passenger and drive-on 
ferry ports; and the new hoverports. 

‘There are many natural harbours in the 
world, and among the finest in constant use 
are New York, San Francisco, Liverpool, 
Buenos Aires, Montevideo, Le Havre, Bris- 
bane and Sydney. Of these New York has the 
advantage of enormous capacity providing 
about 720km (450 miles) of potential natural 
berthing along with 240km (150 miles) of 
man-made piers, The inner harbour is a per- 
fect land-locked haven with adequate depth, 
a tidal range of less than 1.7m (5.6ft) and 
moderate tidal currents. The outer harbour, 
beyond the Verazzano Narrows, is protected 


6 


6 A multi-purpose at a typical dock 
port handios various side (1), the cargo 
types ofcargofrom is 

different types ot 

ships. When a normal 
cargo ship unloads 


houses. The cranes 
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Rotterdam 


Milion tonnes 


from rough weather by extensive sandbanks, 

Inland ports are typified by Chicago, 
situated on Lake Michigan. It is 3,000km 
(1,900 miles) from the Gulf of St Lawrence, 
but connected to it. The channel runs via 
Lake Huron, Detroit, Lake Erie, and the 9m 
(30ft) deep Welland Ship Canal, which car- 
ries ocean-going ships 44km (27 miles) from 
Lake Erie to Lake Ontario (bypassing the 
Niagara Falls). From there it runs along the 
St Lawrence Seaway, via Montreal and 
Quebec, to the Atlantic Ocean. 


Port maintenance 

Most important of the maintenance opera- 
tions of most river ports (and the majority of 
the world’s ports are river ports) is dredging 
out the silt that accumulates in estuaries. 
Most modern ocean-going ships have a 
draught (depth below the waterline) of be- 
tween 10 and 15m (33 and 49ft), and trailing 
suction dredges are kept constantly at work 
maintaining the depths of the channels, The 
new breed of supertankers need up to 25m 
(82ft) of water, so modern oil ports require 
unusually deep channels. 


‘own derricks into 
barges or lighters 


moored alongside. A 
along the quayside. bulk grain ship [2] is 
‘Some cargo may beun- loaded or unloaded by 
loaded by the ship's means of pumps con- 


7 The cargo-handling each year than any 
capacity of a other port. Next in 
modern port is in size are New York 
Proportion to the and Marseil ch 


capital invested in 
cranes and other 
heavy mechanical 
handling devices. 
Apart from the trad 
itional lutfing 


crate on this diagram 
represents 25 million 
tonnes of cargo in 
and out of the ports 
each year. The port 
of Rotterdam handles 
268 million tonnes a 
year, New York 132 
million, Marseille 

83 million, Antwerp 
67 million, London 66 
million and the port 
‘of Tokyo 46 million. 
Inthe 20 years 

up to the mid-1970s 
the tonnages handled 
by some of these 
ports increased 

by seven times. 


special grab cranes 
are used at indus- 
trial ports for the 
handling of coal and 
ore. Floating cranes 
operating from pon- 
toons are used for 
unusually bulky and 
heavy lifts. Rotter 
dam currently 
handles more goods 
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Falmouth’s natural 
harbour on the south 
coast of Cornw: 
England, has had a 
place in history 


nected with dock: 
silos. A container 
ship [3] provides may 


imum speed and offic 
lency for mixed cargo, 


as described in illus- 


for hundreds of years 
as a haven for ships 
seeking shelter from 
Atlantic storms, as 

a coastal port and 


tration 5. Today's 


draught to be ablo to 
dock normally in a 


mail-packet 
station. Today it 

is the headquarters 
of the Royal 
Cornwall Yacht Club. 


port. They may moor 
offshore, unloading 
their crude oil by 
hose to land or into 
‘smaller tankors 
moored alongside. 


8 Harbour construc- 
tion presents many 
problems. These 
necessitate building 
firm foundations 
and protecting 
against salt water 
corrosion. Quay con- 
struction vari 
The solid type (Al 
has a paved apron |1] 
above the water 
level |2], supported 
by concrete blocks 
[3]. The bottom i 
drodged [4]. in one 
pile type [B] the 
timber apron [5] 
above the water 
level [6] rests on 
concrete piles |7]; 

it can be backed 

by sheet piling. 


tn 


re 


Canal construction 


Modern canals provide important transport 
highways throughout Eurpe and, to a lesser 
extent, North America. The rivers Rhine and 
Moselle feed an extensive canal system in 
Germany that has connections to the Dutch, 
Belgian and French networks. A new major 
waterway is under construction to connect 
the Rhine with the Black Sea, via the rivers 
Main and Danube, and a great network has 
been developed around the rivers Volga, Ob. 
Yenisei and Lena across the USSR 


Canals ancient and modern 
The four greatest achievements by canal 
engineers were undoubtedly the Suez Canal, 
opened in 1868 [8], the Panama Canal, com- 
pleted in 1914 [6], the canals of the St Law- 
Fence Seaway, opened in 1959 [2] and the 
320km (200 miles) of canal linking the White 
Sea to the Baltic din 1975 

One of the earliest reports of a man-made 
canal tells of one completed by Ptolemy II 
(died 247 BC) of Egypt to link the River Nile 
with the Red Sea, Natural inland waterways 
such as major rivers had been used as trans- 
Port routes since earliest times and primitive 


1 The river systems 
of the Mississippi 
and Ohio form one of 
the largest in the 
world. Their basins 
cover two-thirds of 
the USA. Many of the 
rivers are navigable 
and canals have 
been built to con 


nect other waterways, 
extending the system 
to provide a contin 
uous water route from 
New Orleans in the 
south to Chicago and 
the St Lawrence Sea- 
way, and via the Ohio 
Rivor direct to New 
York. Pittsburgh and 


3 


single-gate locks are known to have been 
used in China from about 500 BC. These 
were openings in weirs through which water 
poured. Boats were carried downstream by 
the rushing waters or winched up against the 
current. A two-gate lock, built at Vreeswijk, 
Holland, in 1373, is believed to have been the 
first true pound-lock — a lock in which the 
flow of water is controlled by alternately 
lifting up or lowering the gates. The first to 
have swinging mitre gates of the kind used 
today was designed and built by Leonardo da 
Vinci (1452-1519) when he was engineer to 
the Duke of Milan, Mitre lock gates, when 
closed, form an angle pointing upstream so 
that water pressure holds them shut. 

In 1681 French engineers made history 
when they completed the 250km (155 mile) 
long Canal du Midi linking the Atlantic 
Ocean with the Mediterranean Sea by a man- 
made waterway. It had many locks con- 
necting the River Garonne, near Toulouse, 
with the River Etang de Thau, near Sète and 
included three aqueducts and a tunnel 

The greatest single obstacle to the indus- 
trial development of Europe and the United 


Lake Superior 
a“ 


2 The St Lawrence 
Seaway provides a 
3,830km (2,380 mile) 
inland route for 
ocean-going ships 
from the Atlantic to 
the heart of Canada 
and the USA. From 
Montreal it rises 
51.5m (169ft) to Lake 


Philadelphia were 
also in the 19th-cen: 
tury canal network, 
which connected with 
both the Columbia 
River and Ches 


sa 


is also a link from 
New York direct 
tothe St Lawrence. 


3 The depth of a 
shipping canal must 
be rigorously main 
tained to ensure 

that ships do not 
ground, causing delay 
not only to them 
selves but to all 
shipping along the 
length of the water 
channel. Dredgers of 
many types are used, 


States in the cighteenth century was poor 
internal communication. Thus it was the 
needs of industry that brought about the 
dawn of the canal age on both sides of the 
Atlantic 

In the United States canals were built to 
link the Ohio and Mississippi basins [1] with 
the east coast ports, to provide routes from 
inland areas to the navigable rivers and to 
bypass natural obstacles on these rivers, The 
most spectacular early American achieve- 
ment was the completion, in 1825, of the 
580km (363 mile) Erie Canal linking New 
York City with Lake Erie. It took eight years 
to build. The lake was subsequently con- 
nected by canal to the Ohio River and so to 
the Mississippi and the port of New Orleans 


The British achievement 
By 1850 England was traversed by more than 
8,000km (5,000 miles) of navigable rivers 
and canals. Canals were also constructed 
throughout Europe, especially along the 
North Sea coasts of the Netherlands, Bel- 
gium and France. 

During the nineteenth century British 


St Clair River locks 


Eight locks of 


Soo Locks, St Mary's River, 


Lako Michigan 


Ontario via two small 
lakes, three canals and 
seven locks. Between 
Lake Ontario and 

Lake Erie the water- 


Welland Ship Canal. 
From Lake Erie the 
route 

Detroit and the St 
Clair River and 

lake into Lake Huron, 
This lake connects 
directly with Lake 
Michigan, via th 
Mackinac Strait, so 


1y bypasses the 
Niagara Falls, rising 
98m (322ft) in 45km 
(28 miles) through 

the eight locks of the 


This cutter dredge 
has a twin-leg 
bracing system to 
resist the action 

of the rotary cutter 
A suction pipe close 
to the cutter draws 
off the debris and 
discharges it away 
from the vessel 

or into a barge 
moored alongside. 


4 Passing down a 
lock, a vessel first 
‘enters it from the 
higher level [A] and 
the gates are shut 
behind it. Sluices in 
Or around the lower 
gates are then opened 
[B], allowing water 
from the lock to pass 
to the lower level, 
lowering the water 


Thro locks of International Rapids 


CONNECTIONS 


ad does 
oh, 


Water 


Twolocks 
Lachine section 


Two locks 


Soulanges 
section 


linking the port of 
Chicago with the sea 
The St Mary's 

Falls, between the 
northern point of Lake 
Huron and Lak 
Superior, are passed 
by a canal with five 
locks. This section is 
leebound in winter 


level and with it 
the floating vessel 

the lock level 
the lower 

canal level [C], the 
lower gates are 
opened [D]. Stuices 

in or around the upper 
gates are used to 

raise the lock level 
whenever a vessel 
passes up the canal 


civil engineers conceived and constructed a 
perennial irrigation system in northwestern 
India [5] in which huge masonry barrages 
were built across the rivers to divert part of 
the water into a great network of canals. By 
the time India and Pakistan gained indepen- 
dence in 1947 the subcontinent had more 
than 20 million hectares (50 million acres) of 
previously arid land under irrigation 


Technique of canal engineering 

A canal, unlike a road, must be built in level 
sections and the canal engineer's first 
problem is the selection of a route along 
which a level can be maintained with the 
minimum of engineering work. This problem 
is approached by siting a canal to run as far as 
possible along the natural land contours 
Where high ground must be crossed the cut 
can be correspondingly deeper or the canal 
can be built in a tunnel. Where there is an 
unavoidable depression in the ground the 
best solution is to construct the canal along a 


low embankment, There comes a point 
where the rise or fall of the land to be 
traversed requires so deep a cut, so long a 


tunnel or so high an embankment or 
aqueduct that it is more economic to build a 
Jock and continue the canal at a new level. 

Wherever canals are built obstacles, 
such as roads, streams and rivers, have to be 
‘ossed. If they are roads or railways, bridges 
must be built; if they are waterways, then 
cither the canal or the waterway must be car- 
ried on an aqueduct [9]. Where locks are 
introduced there must be a sufficient supply 
of water at the highest level to replace the 
water that flows when any lock is used [4] 

A canal must not lose excessive water by 
seepage into the ground, Where the ground is 
porous, and where a canal runs along a man- 
made embankment, the engineer must 
waterproof its bottom and sides, In early 
canals this was achieved by lining the canal 
with puddled clay. Today there are alterna 
tive materials including bituminous mate- 
rials, sheet polythene and concrete. 
Machines have been developed to lay a con- 
tinuous concrete lining at minimum cost [7] 
and these are increasingly used for irrigation 
canals in the Middle East and other arid areas 
to carry water long distances 


‘A massive excavation 
5.6km (3.5 miles) long 
was made in 1893 

across the isthmus at 


6 The Panama Canal 6 
links the Atlantic 
and Pacific oceans, 
enabling ships that 
are less than 306m 
11,000ft) long, 34m 
{112ft) in the beam 
and have a draught 
of less than 12m 
(40ft) to avoid the 
voyage around South 
America. From the 
Atlantic an 11km 

(7 mile) sea-level 
stretch ends at the 
Gatun Locks [1] lead: 
ing to Lake Gatun 
12), 26m (85f1) above 
sea-level, The route 
then runs 38km (24 
miles) across Lake 


5 A system of irri- 
gation canals in 
western Punjab [A], 
constructed by British 
engineers, was one 
of the major engin: 
eering achievements 
of the 19th century, 
These were running 

J water canals fed from 


7 Construction tech 
niques in canal en- 
gineering include the 
use of special lining 
machines, as in the 
Jordan Canal section 
of Israel's National 
Water Carrier. Wet 
concrete is fed on to 

a conveyor belt and, 
as the machine moves 
forwards on cater 


pillar tracks, an 
even layer 10cm (4in) 
thick is laid as a 
continuous strip. The 
Israeli system car- 
ries water 28km (17 
miles) from Lake 
Tiberius southwards 
in an open canal to 
feed a pipeline 
extending much 
farther to the south, 


Gatun, along the 
Gaillard Cut [3] to 
the Pedro Miguel 
Lock [4] and Mira: 
flores Lake [5], 16 m 
(53tt) above soa- 
level. Finally the 
Miraflores Locks (6) 
drop down to sea: 
level and lead to 
the Pacific Ocean, 


the River Indus and 
its tributaries by 

building great 
masonry barray 


They turned an arid 
area half the size 

of England into north: 
ern India's most 
fertile food 
producing region [B]. 


opened after a decade 
of effort by French 
engineer Ferdinand 
de Lesseps (1805-94), 
was dug out of the 
desert by hand. it 
connects the Red Sea 
with the Mediter- 
ranean and coversa 


Corinth to link the 


lonian and Aegean 


seas. The Corinth ship 


canal has no locks, 


distance of 169km 
(105 mites). Ith 
a minimum width of 
150m (500ft) and a 
minimum depth of 
10m (33ft), Britain 
bought a controlling 
shareinthe canal 
fromthe Khedive of 
Egyptin 1875 and re- 


the whole waterway 
being at sea level 
to allow the direct 
passage of vessels 
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Graph showing total numb 


tained contro! until 
Egypt's President 
Nasser nationalized 
itin 1956. The canal 
was blocked with 
sunken ships during 
the 1967 Arab- 

Israeli war and was 
cleared and reopened 
only in 1975. 


9 An aqueduct built 
over a road is often 
necessary in canal 
engineering for ec 
nomic reasons, as 
in this case in the 
Netherlands. Be 
cause the canal is full 
of water it has to 

be built to one level 
throughout, or in 
level reaches con. 
nected by locks, This 
is achieved by ju 
dicious choice of 
route. by cutting 
deeper into high 
ground and by build- 
ing on a raised erm 
bankment over 
low-lying areas 
Most roads cross 
canals by bridges, 
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Building dams 


Control of his life-sustaining water supply 
has always been one of man’s primary con- 
cerns. For 5,000 years, dams have been 
instrumental in this control, being used to 
avert floods, divert rivers, store water and 
irrigate land. Many of today’s constructions 
fulfil these same age-old functions; dams are 
still used for agricultural irrigation and 
domestic water storage and supply, as well as 
for the more sophisticated purposes of 
hydroelectric power generation, land 
reclamation, control of erosion by floods and 
the prevention of build-up of silt. 

The use of barriers to divert part of a 
river's flow into irrigation canals was 
developed by British engineers during the 
nineteenth century, and used widely in the 
Punjab of northern India. French engineers 
built a similar barrage across the River Nile, 
which allowed the summer flood to pass over 
it but formed a reservoir from which the 
water was led, during the spring and early 
summer, into irrigation canals. In this way, 
huge areas of previously parched land were 
made productive. 

The development of modern engineering 


5 Apre-stressed 
vertical cantilever 
is built by setting 
tensioned steel 
cables in the wall. 


6 The Aswan High 
Damin Egypt is a 
typical rockfill or 
embankment dam. fishing and hydro- 
Completed in 1970 electri The 

a cost of £2,000 released w; 
million, the 110m 12hydroelectric 
(360ft) high damwas turbines, producing 
constructed with 10 million megawatts 
technical and econ- of electricity annually, 
omicaid fromthe enough for domestic 
USSR. Lake Nasser consumption and ex- 


created by the dar port. Unfortunately 


the most economical, 
practical solution, 

A solid gravity dam 
rosis 

sure by sheer weight. 
it 


materials and techniques have since made it 
Possible not only to divert part of a river's 
Water, but also to hold and store water by the 
creation of huge lakes behind a solid dam 
wall. A typical early example is the Hoover 
Dam, built across the Colorado River in the 
United States. Completed in 1936, this dam 
has a reservoir capacity of 38,000 million 
cubic metres (49,000 million cubic yards) 
and a power output, from the water released 
through its turbines, of 1,340 megawatts. 


Dam design 

There are two main types of modern dams: 
embankment dams, built from earth and 
rockfill, and concrete dams (which may or 
may not be reinforced), Embankment dams 
came first and today are generally the 
cheapest to build because they need fewer 
workers. They include the world’s tallest 
dams, such as the 310m (1,017ft) Nurek 
Dam in the USSR, and the 234m (70ft) 
Oroville Dam in the United States, ‘They are 
built from the natural earth and rock found 
near the site, consisting essentially of a 
central earth core to hold back the water, 


partly on 


be carefully cal- 
ted to produce 


2 The arch dam acts 
like an arch bridge 
laid on its side, the 
load being trans- 
ferredto its ends, 


water pres- 


usually made 


faced and supported on each side with more 
earth or rock. “Filter curtains” between the 
various layers prevent fine grains from one 
being washed into the voids of the next. 

Embankment dams are suitable for 
nearly all sites because they can withstand 
Some settlement of the foundation and do not 
need strong valley sides. A deep trench filled 
with compacted clay or concrete forms a cur- 
tain to prevent water from seeping under the 
dam. A line of wells under the toe of the dam 
collects any scepage water and leads it back 
to the course of the river. 

‘The greater strength of rockfill allows it to 
be used with steeper slopes. One of the 
cheapest types of dam has rockfill with a 
waterproof skin of bitumen concrete on the 
reservoir side. 

There are a number of designs for con- 
crete dams. The simplest, the gravity dam, 
works rather like a bookend, its own weight 
preventing it from being turned over by the 
force of the reservoir water, Volume of mate- 
rial is reduced by a buttress construction, 

An arch dam, a more sophisticated 
construction, is like an arch bridge lying on its 


3 The cupola (double 
curvature) dam is 
convex in shape. This 
eggshell shape gives 
added strength. 


Long straight dams 
are generally built 
with buttresses 

for strength, 


is 500km (310 miles) 


many harmful side- silt, deriving the farmers 182m 6 Generator house 
tong and contains effects of the project in upper Egypt of stone x Reed ‘water tunnel 
164,000 milli have beco fertile deposits and Donau E Aoa Taol Bim. 
cubic metres of For exar accelerating erosion Grout curtain 10 The old Aswan Dam | 
water for irrigation, dam ret at the coast (to same scale) 
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side. The curve of the arch is designed so that 
the concrete (weak in tension) is held perma- 
nently in compression. For success, this type 
of dam has to be firmly keyed into the rock of 
the valley sides at its ends 

The thinnest type of dam, also with its 
conerete kept in compression, is the double- 
curved cupola dam. It is shaped rather like 
half an egg, with the bulge facing into the 
pressure of the reservoir water. 


Dam foundations 

Engineers generally fill fissures in the rock 
foundation of a concrete dam with a curtain 
of grout, A drainage system leads away any 
seepage water, to prevent a build-up of 
pressure under the dam. There is often a row 
of drainage wells, drilled into the rock froma 
gallery running the length of the dam. 

To construct the foundation of a dam 
while water is flowing, engineers generally 
drive a diversion tunnel through the rock of 
the valley wall around the dam site, before 
the construction work starts on the dam itself 
[7]. A temporary dam is then constructed to 
divert the water into the tunnel and the main 


7 


dam constructed on the dry downstream side 
of the temporary one. 

Every dam construction must allow 
excess water to flow away in times of flood, 
without causing erosion in the process, The 
excess is usually dispersed in one of three 
ways: by a conerete-lined spillway at a level 
lower than the top of the dam; by an overflow 
shaft — usually funnel-mouthed — leading 
vertically down from a point well within the 
reservoir; or by an overflow channel or 
tunnel leading from a point at the side of the 
reservoir to below the dam. 


Great modern dams 

The world’s greatest dams (in terms of reser- 
voir capacity) are: Owen Falls, Uganda, built 
across the Victoria Nile in 1954 and holding a 
reservoir of 205,000 million cubic metres 
behind a gravity dam; Bratsk Dam, USSR, 
built across the River Angara in 1964 
(169,000 million cubic metres), a concrete 
gravity dam; and Aswan High Dam [6], 
Egypt, built across the River Nile and com- 
pleted in 1970 (164,000 million cubic 


metres), a rockfill embankment. 


9 Anearthfill dam 

is begun by digging 
atrench until imper- 
vious rock is reached. 
Thisis excavated and 
the first layer of 
impervious core mat 
erial (probably clay) 
is grouted into this 
trench [1]. Successive 
layers [2] of olay are 
added and rolled until 


they are completely 
compact. Once this 
foundationis ready 
only the core is formed 
from impervious 
material [3], The 
rest of thedam is 
constructed with 
layers of any soil 
[4]. The upstream 
slope [5] iscovered 
with gravel [6] 


and surfaced with 
rocks called rip-rap 
{7}to prevent water 
erosion, The down- 
stream slope [8] is 
sown with vegetation 
19] for stability. A 
spillway [10] is usu- 
ally built into the 
slope to allow water 
to flow over the dam 
intimes of flooding 


Key 


The Cubuk Dam, 10km 
l6 miles) north of 
modern Ankara, strad- 
dies the River Cubuk 
toforma reservoir 
with a capacity of 

10 million cubic 
metres. This huge 
man-made lake pro. 
vides Ankara with 


most of its water 
supply and thereie 
ahydroelectric sta- 
tion to exploit the 
energy of the water 
flowing out. Setin 
an attractive wooded 
valley, this import 
ant engineering 
achievement has 


played a significant 
role inthe industrial 
development of east 
ern Turkey. Ithas 
also been promoted 
as a recreation a 
and tourist centre, 
and hasa fine casino 
and other forms of 
‘entertainment. 


7 A river mustbe 
diverted before it can 
be dammed. A temp- 
orary coffer dam [1] 
isbuiltandthe 
water diverted via 
tunnels [2), The per. 
manent dam is then 
constructed behind 
the coffer dam. The 
rock core [3] of this 
gravity dam is first 
laid and compacted, 
Rubble (4) and an, 
impervious facing 
[5] are added tothe 
steep, concave up- 
stream slope [6] and 
the spillway [7}to 
the downstream side. 
Ris now vital that 

no subsequent settle: 
ment occurs. The 
impervious facing 


8 Laboratory testing 
of hydraulic models 


engineer who designs 
a river barrage or 


groutedintothebed- often precedes the the outflow channels 
rock [8]to prevent start of workon the of a hydroelectric 
Seepage under the actual dam. These scheme can avoid the 


dam. The coffer dam 
is usually incorpo: 
ated into the struc- 
ture of the finished 
permanent dam. 


models give advance 
data on patterns of 
erosion which the 
water flow may cause, 
By this means the 


problems of water 
scour; he includes 
preventive measures 
inthe design before 
construction begins. 
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Water supply 


The more sophisticated man becomes the 
thirstier he grows. In developing countries 
(the Third World), some communities 
manage with an average of 12 litres (2.5 gal- 
lons) of water per person per day. In most 
European cities the daily domestic consump- 
tion per head of population is nearer 150 
litres (33 gallons), In the most prosperous 
urban areas of the United States the figure 
can be as high as 250 litres (55 gallons). 


Demands and resources 
Domestic consumption of water mounts 
steadily but even this is far outweighed by the 
demands of modern industry. The produc- 
tion of steel needs 300kg (6601b) of water for 
each kilogramme (2Ib) of manufactured 
steel, although some of this is returned to its 
source. The total average daily water 
consumption in a Western city - domestic, 
commercial and industrial ~ may be as high as 
2,000 litres (400 gallons) per head. 
Agriculture's demands are even greater. 
To produce one kilogramme of wheat a 
farmer may “use” up to 1,500kg (3,3001b) of 
water from rain, irrigation or both, 


1 One of the first 2 As a city grows, so 
major water supply does its demand for 
systems was built by water. The London 
the Romans. Their 

first nine aqueducts, were opened in 1581 
constructed between to serve the City 
312BCandAD226, of London. By the 
conveyed water by 19th century, thi 
gravity feed trom huge waterworks and 
various sources to pumps were capable of 
Rome. The longest, supplying almost four 
the Aqua Marcia, million gallons of 
extended 90km (56 river water daily. 
miles) and bridged However the fall of 
low-lyinglandbya water from the works 
water channel of was so great that it 


cutstone slabs 


‘endangered navigation 
raised ona suc 


onthe river and the 


cession of stone works were completely 
arches. The Roman removed in 1822. 
aqueducthereisthe The river current 
274m (900ft) io turned the great 


g 
Pont du Gardin 
France. The top tier 
carries the water 


wheel which rotated 
the crankshafts (3). 
These operated the 
pumps [4] via levers 
Í], water being di 
charged through 
were the Roman masons pipes [5]. The supply 
thatthe stones ofthe of water was con- 
two lower tiers of trolled by turning 


arches, including the the cranks [2] 
voussoirs [2], were laid which raised and 
dry without mortar lowered the pumps. 
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Water is the world’s most plentiful natur- 
al substance and is in constant circulation 
[Key]. But man's demand for water often 
exceeds the local natural supply. It is the 
engineer's job to transport water to where it 
is needed and to purify it as necessary. 


Collection and storage 

Water is normally collected from under- 
ground sources by drilling and pumping. The 
old farmhouse well and bucket provide an 
example of the extraction of flowing ground 
water by the simple expedient of digging until 
the natural water-table is reached. In the case 
of trapped “fossil” water, sometimes found 
under deserts, the water is not replaced by 
natural flow and the process of removing it is 
a form of mining - the extraction of a limited 
resource. Deep-lying water under pressure 
can be tapped by the bore-hole of an artesian 
well, in which the water is forced up the bore 
without the need for pumps. 

There are three ways of exploiting surface 
water. The first is by pumping, from rivers [2] 
or lakes, the second is by building a barrage 
across a river and diverting its flow through 


Lime slurry 


Chlorinated ferrous sulphate, 
Intake 


softener (lime slurry) 
are added as the 
water enters, the 
lime also regulating 
the acidity. The 
sludge formed in the 
sedimentation tank is 
pumped to a sludge 
lagoon from which 
the clear water is 
recycled. Activated 
carbon is then added 


3 The modern water 
‘treatment plant can 
be very complex as 

this diagram shows. 


the intake and drawn 


by pumps to an up- 
ward flow sediment- 
ation tank. A floc- 
culant (chlorinated 


aft bbs bt 
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canals or pipelines and the third is by 
constructing a dam across a valley at the 
lower end of a natural catchment area. 

Apart from short-term local storage, 
water is normally stored in large, open reser- 
voirs into which it is pumped, or in the huge, 
man-made lakes which form, by means of 
gravity flow, behind the walls of valley dams. 


Water purification 

Natural water, other than the rain, is rarely 
pure. Rivers in peaty moorland pick up traces 
of organic acids. Ground water takes up 
mineral salts including common salt (up to 
0.1 per cent is tolerable in drinking water), 
calcium bicarbonate (above 0.02 per cent 
makes water unacceptably “hard") and 
fluorides (amounts above 0.0001 per cent, 
but not exceeding 0.00015 per cent are said 
to reduce tooth decay). 

The Industrial Revolution produced a 
new problem. The discharge of effluents - 
factory waste products ~ into rivers resulted 
in chemical pollution and the development of 
water-borne sewage systems caused 
bacteriological pollution. Today many coun- 


(! 


Activated 
carbon 


Rapid gravity filter 


te absorb impurities 
of the kind that 

give an unacceptable 
taste, smell or colour 
to water. The water 
then flows into a 
rapid gravity filter 

in which any organic 
matter is decomposed 
by non-pathogenic- 
bacteria to form un- 
objectionable inor- 


ganic products. One 
‘of two chiorinators 
Supplies chlorine gas 


tank, (The second 
chlorinator feeds 
the flocculant supply.) 
A sulphonator feeds 
the contact tank 


Contact tank 
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with sulphur dioxide, 
which dechlorinates 
the sterilized water. 
Finally the treated 
water is pumped to 
the mains supply 
system where it 

|e stored in water 


sumers and industry. 


tries have laws to control chemical pollution, 
and bacteria are eliminated by treatment. 
The principal processes of water treat- 
ment [3] are sedimentation, filtration, aera- 
tion and sterilization. Sedimentation is 
merely settling, carried out by allowing water 
to stand in large, shallow basins; solid parti- 
cles sink slowly to the bottom. Sedimentation 
is aided by the addition of a flocculant, such 
as alum, which causes the smallest particles to 
clump together. Filtration is carried out by 
passing water through a sand bed ~ 100m x 
40m (328ft x 131ft) is a typical size - in 
which harmless bacteria (in a layer up to 
30cm (12in) deep) decomposes organic 
matter in the water passing through, forming 
unobjectionable inorganic substances, A 
rapid sand filter may be only 8m * Sm (26ft 
* 16.4ft) in size and 4m (13ft) deep. It is 
cheaper and filters 20 times faster, but the fil- 
tered water is never entirely bacteria fr 
Aeration (usually effected by passing 
water over a cascade) increases the amount 
of dissolved oxygen in the water, reduces the 
carbon dioxide content by as much as 60 per 
cent and aids natural inorganic purification 
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4 Growing salinity Of total capacity 
can pollute natural 4.8% [2] is supplied 
water. Man's “control” to industry and 1.2% 


of the Colorado River 
in the United States 
has caused an excess- 
ively high salinity. 
Tha map [A] shows 
the location of the 
Colorado River 

IB] shows how the 
water obtained from 
the river is used. 

The total capacity 

of the Colorado 

River [1] is approx- 
imately 60 thousand 
million litres per 

day; 94% is supplied 
to agriculture, 
although 16% of this 


[3] for domestic use. 
Run-off from all 
uses is 32% [5]. 
47% of total cap- 
acity [4] is actually 
used by agriculture. 
The run-off is highly 
saline when it 

returns to the river 
Salinity [C] in the 
water is caused by 
evaporation from the 
river (47%), evap- 
oration from land and 
transpiration of 
plants (37%), evapora 
tion from reservoirs 
(12%), evaporation 


is lost in evap- from canals (3%) and 
oration before it from industry (1%), 
reaches the farms. Inhighly developed 


by aerobic bacteria. Sterilization (killing 
harmful micro-organisms) isachieved, where 
bacteriological pollution has been high, by 
the addition of small quantities of chlorine or 
ozone. A dose of 0.0001 per cent of chlorine 
destroys all germs within four minutes. 

Where exceptionally pure water is 
required, demineralization (softening) may 
be carried out. Here the exchange of the 
“salt” part of soluble mineral salts forms 
eliminated non-soluble compounds 

Where natural pure water is scarce and 
the sea near, the process of desalination 
(removing salt) is used today to produce 
water for both human and agricultural use 
The main processes for eliminating the dis- 
solved salts are called distillation, clec- 
trodialysis, reverse osmosis and freezing 
Multi-stage flash distillation [5] is used in 
most modern desalination plants, using 
steam as the heat source 

Today most water is distributed by 
pumping it to a local storage facility (usually a 
water tower), which provides sufficient static 
“head”, or pressure, to force the water 
through a network of pipes. 


industrial countries 
industry has been 
responsible for some 
other forms of river 
pollution. In- 

dustrial effluents 

can cause serious 
chemical pollution 
and the disposal 

of water-borne 
sewage can be ro- 
sponsible for serious 
biological pollution, 
Legislation has been 
passed in many cou- 
tries to help keep 
river water clean. 


Kev 


The hydrologic cycle, 
powered by the sun's 
heat, keeps the 
world’s stock of 
water in constant cir 
culation. Enormous 
quantities are moved 
by evaporation from 


the sea, lakes and 
rivers and by 
transpiration from 
trees, crops and 

other vegetation. It 
moves through the 
atmosphere, condens: 


ing a8 clouds, then 


returns to the land 
as rain or snow, 
forming streams and 
rivers leading back 


forming aquifers, re- 
appearing as springs. 


5 Desalination by 
flash-distillation is a 
widely used process. 
Raw seawater |1) is 
fed through the 
condensing coils (2) 
of the first two 

flash chambers. It is 
then mixed with 
strong brine from 
the brine pans [3] of 
these two chambers 
before passing on 
through the condens: 
ing coils of the 

third, fourth and 
fifth flash chambers. 
From there it passes 
through the heat 
exchanger [4] where 
itis heated by 

[5]. The sea 
then at 80°C 
(176°F), next flows 
through the brine pans 


reverse order, Water 
vapour rises from 

the hot brine, con 
densing on the much 
cooler coils above. 
The condensate drips 
on to the fresh water 
catchment troughs 
16) from which it is 
piped [7] into the 
main tresh water 
outlet [8]. Meanwhile 
the hot brine, on 

its way through the 
five chambers, grows 
progressively more 
concentrated and 
cooler. When it 
reaches the first 
chamber part of it 

is recycled by 

mixing with the sea 
water passing be- 
tween the coils of 

the second and third 
chambers, the rest 
boing discarded as 
waste [9], Modern 
practice achieves 
economy in the de- 
salination process 

by locating the plant, 
wherever possible, 
near a nuclear power 
station, The exhaust 
steam from the 
power plant can then 
be used as the 

main energy source 
for the distil 

lation process. 
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Sewage treatment 


As soon as early man established settlement 
he had the problem of getting rid of sewage - 
the organic wastes of man and, sometimes, 
domestic animals, Nature disposes of surplus 
organic material in four principal ways - by 
dilution, oxidation, putrefaction and filtra- 
tion, Early man relied on these natural pro- 
cesses and generally dumped sewage in the 
fields. There its moisture seeped into the 
land, becoming filtered and purified. When 
rain fell on the solids they dissolved and were 
oxidized into natural nutrients for the soil. 
The Roman system of aqueducts, built 
from 312 BC to AD 226, provided a water- 
borne sewage system that drained into the 
River Tiber. Today the large volumes of 
sewage from towns and cities need the 
resources of modern technology for efficient 
treatment and disposal, Also industrial 
wastes present additional problems for treat- 
ment plants if pollution is to be avoided, 


‘Treatment by dilution 

Sewage treatment by dilution works because 
water contains dissolved oxygen. When 
sewage contaminates a small volume of 


1 Many processes are 
used in a typical mod- 
ern sewage works. 


process, whether 
still or continuous 
flow is used, the 


The first stage con- tanks provided for 
sists of screening this purpose are us- 
to remove solid ually duplicated and 
material including made large. The 
heavy grit. Screen- sludge and clear sew- 
ings are burnt age are then treated 
to destroy micro- separately. Clear 
organisms and sewage passes to 
render them in- aeration tanks where 
offensive. Fine grit the organic content 
isnextremovedby is destroyed by 
gravity settlement. yerobic bacteria, 

The effluent from 

the aeration tanks 

is once again set- 

tied, the clear 

liquid chlorinated 

l. and discharged into 

reduces the liquid a river or the sea. 
sewage strengthby Sedimented sludge 
up to one half. is fed to digestion 
As gravity precipi- tanks where it is 
tation is a slow warmed and allowed 
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water, as in a lake or stream, aerobic bacteria 
(which oxidize the organic material) absorb 
the dissolved oxygen at a rate greater than it 
is naturally replaced from the air. As a result 
fish cannot live and the water is no longer 
self-purifying. But if the surface area of the 
water is large enough to dissolve oxygen 
faster than it is absorbed by the bacteria the 
water remains pure and unpolluted. 

The River Thames in London provides an 
illuminating case history [Key]. In 1750 the 
city’s population was 750,000 and the river 
was teeming with fish. It had long been used 
as a sewer but this had not seriously polluted 
the water. By 1840 the population was over 
two million and sewage, swollen in volume by 
industrial effluents, then exceeded the river's 
capacity for self-purification. Only eels had 
survived the advent of industrialization. 

London's first sewage treatment works 
were commissioned in 1889. By 1900, with 
the population at over six million, six of the 
less sensitive species of fish had returned to 
its waters. Between the wars London's 
population grew to eight million people and 
industry increased. The sewage works could 


to putrify in the, 
absence of air. This 


blocked. The screen- 
ed sewage [3] is ther 
pumped to grit-settling 
tanks [4] where grit 
‘sand settle out 
and are dredged up, 
washed and then used 
as filling material 
such as aggregates for 
foad-bed construction, 
The settled grit and 
sand [5] are removed 
to allow the grit-free 
sewage [6] to be 


is dried to form an 
excellent fertilizer. 
Atypical process 
operates in the 
following way. Raw 
sewage [1] enters the 


works where coarse pumped to the primary 
‘screens [2] remove sedimentation tanks |7]. 
solid trash (wood, During this process 
fags andso on) from 50 per cent of the su 
‘the sewage so thatthe pended solids settle 
machinery is not dam- out to form sludge 
aged or pipelines and the BOD of the 


not handle the greater volumes of domestic 
and industrial effluent and by 1945 there 
were no fish in the river, which had become 
more polluted than ever. In the 1950s there 
was a drive to clean the river. New sewage 
works were built and by 1970 fish of many 
kinds had returned to the Thames. 


‘The dangers of pollution 

Health authorities today agree that the dis- 
posal of diluted sewage into lakes or rivers is 
satisfactory ~ if it contains not more than 30 
parts per million of suspended solids and 
does not absorb more than 20 parts per 
million of dissolved oxygen in five days. The 
latter figure, called the “biochemical oxygen 
demand" (BOD), provides a means of 
measuring the degree of pollution, 

Where there is sufficient water for effec- 
tive sewage treatment by dilution, as on 
coasts, on the shores of major lakes, or near 
large rivers, sewage is sometimes discharged 
without prior treatment [4]. However, the 
growth of industry and high population 
densities usually require sewage treatment by 
processes designed to reduce its BOD to a 


settled sewage is 
reduced by half, 
The sludge [8] is thon 


chlorine-treated and 
then discharged into a 
Jake or river. The 


pumped to digestion activated sludge [14] 
tanks and settled is removed and re- 
sewage [9] pumpedto used in the aerator 


the aerator [10], in 
which the sewage is 


with incoming settled 
‘sewage. Inthe 


mixed with bacteria- power house [15], gas 
rich activated from the collector [16] 
sludge. As the sewage -containing about 70 
is aerated the per cent methane ~is 
bacteria transform burned to generate 

organic matter into. power for pumps and 


harmless by-products. 
‘The aerated sewage 
[11] is pumped to a 
final settling tank 

or secondary sedi- 


compressors; 
me gas is used to 
heat the digestion 
tanks. The sludge 
that settles out is 


mentation tank [12]. then pumped to the 
Atthis stage of the primary digestion 
process activated tanks [17] which are 
sludge settles out, kept at a temperature: 
leaving a clear of 30°C (86°F), The 
ent, The upper temperature speeds 


part [13] is filtered, the action of micro- 


CONNECTIONS: 


See aiso 
Winter sucery 

Small tectinology in 
‘me nome 


organisms which, in 
the absence of oxygen, 
digest the sludge 
rapidly, producing 

gas and a relatively 
inoffensive sludge. 


The secondary di 
gestion tanks [18] 
Where the digestion is 
completed (unheated) 


sludge and relatively 
pure but bacteria- 
water. The 


moved and atter going 
through a drying pro- 
cess is used as a ferti- 
lizer. Finally, water 
[20] is drawn off and 
discharged into a lake, 
river or the sea 
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very low figure before discharge and some- 
times to eliminate all bacteria 

Sewage treatment by putrefaction is a 
natural process in which anaerobic bacteria 
destroy organic matter by breaking it down 
into simpler substances. The products are 
nitrogen-rich humus and a mixture of gases in 
which methane predominates. 

A modern sewage works [1] uses both the 
natural oxidation and putrefaction processes 
in treating sewage. It also uses several other 
processes that may include screening, 
sedimentation, flocculation, digestion, acra- 
tion, filtration and chlorination. Industrial 
effluents often require other special treat- 
ments to eliminate toxic substances before 
they are discharged into the disposal system 


Modern treatment processes 

Screening is simply the removal of large, solid 
particles by passing the sewage through a 
wire screen or other form of mesh. Quiescent 
sedimentation is natural settlement of sedi- 
ment by gravity in undisturbed tanks 
Continuous-flow sedimentation achieves the 
same result by passing the fluid slowly 


ge 
used to be discharged 
Into rivers, estuar- 
ies or the sea [A], 
leading to pollution 
and the possible 
spread of disease. 
Today most industrial 
ized countries pro- 
cess sewage in 
treatment plants [B]. 
One of the problems 


of modern sewage 
treatment is the 
presence in urban 
waste of ever- 
increasing quantities 
of detergents. 
Domestic detergents 
must by law be bio- 
degradable, so that 
they are digested by 
bacteria, but most 
sewage treatment 


without turbulence, through long, relatively 
shallow tanks and out over a weir. Floccula 
tion, mechanical or chemical, makes non- 
settling material coagulate into particles of 
sufficient size to settle by gravity. Alum is an 
efficient flocculent but is too expensive for 
general use in sewage works, Mechanical 
flocculation is achieved by slow stirring. 

Digestion uses natural aerobic putrefac- 
tion, producing gas and a sludge which, when 
dried, forms a useful fertilizer. Some sewage 
works use the gas to produce power and light, 
and often warm digestion tanks by passing 
gas-heated water through coils fixed inside 
them, Heating speeds the digestion process 
but it is generally too expensive because it 
consumes too much energy 

Aeration employs natural oxidation to 
reduce the BOD of clear sewage, following 
sedimentation. It is commonly achieved by 
pumping air bubbles through the lower part 
of the tank and redistributing the clear 
sewage over the surface in the form of a 
rotating spray. Filtration and chlorination 
remove the final effluent from the water, 
leaving it totally free from bacteria. 


2 A septic tank 
can process sewage 
from buildings not 
connected to the 
local authority's 
drainage system. It 
is a watertight, 
airtight underground 
tank that serves 

the triple purpose 


plants are unable 
to remove the phos: 
phates usually found 
in detergents. 

These act as 

nutrients to green 
algae, which grow too 
quickly and upset the 
natural biochemical 
processes that keep 
water pure in 

lakes and rivers, 


5 The digestion of 
sedimented sewage 
sludge in a modern 
sewage works results 
in the production of a 
relatively inoffensive 
nitrogen-rich sludge 
which, after drying, 
forms an excellent 
general fertilizer 
ready for immediate 
use on the land. 


in 1858 tho Thames 
was so polluted that 
Punch, England's 
weekly humour maga- 
zino, printed this 
savage caricature of 
Death rowing through 
its flotsam and jet 


of sedimentation, 
digestion and sludge 
storage. Digestion 

is automatic, being 
effected by anaero 

bic bacteria. Eff- 

luent should be led 

to a deep soakaway 
and sludge pumped 
out every 3-6 months. 


sam. The flow of 
sewage, a product of 
the Industrial Revo: 
lution, into the 
Thames created an 
enormous health 
hazard. Punch called 
its cartoon “The 


The tank's walls are 
waterproof [2], usually 
of coment-rendered 
brick. Sewage enters 
through the inlet pipe 
[1] and is delivered 
Jow in the tank [3] 
without stirring the 
contents, Relatively 
pure water |4] 


Silent Highway’ — 
Man” and gave it 

the sub-title “Your 
MONEY or your 

LIFE!" In 1889, 

31 years later, Lon: 
don commissioned its 
first sewage works, 


3 The sludge from 

a septic tank must 

be pumped out once 
every three to six 
months. A custom: 
built tanker, the 

sludge gulper, is used 
by local authorities for 
this purpose. A 
sludge removal ve 
hicle must have a tank 
large enough to empty 
the largest septic 
tanks in its area in one 
lift, for partial 
‘emptying results in 
the scum being left 
behind. The vehicles 
pump out liquid 
sludge through 
Jong flexible hos 


separates above the 
sludge, anaerobic 
bacteria digest the 
sewage [5] and the 
sludge sinks [6]. Gas 
escapes up the vent 
pipe [7] and a gas 
trap [8] prevents it 
passing back into the 
inspection chamber. 
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Working with ceramics 


Ceramics — originally pottery, glass and 
enamel ~ are among the oldest products of 
human ingenuity. Yet so great is their ver- 
satility that, even today, new uses are being 
found for this class of materials [Key], from 
high-voltage insulators to radar and com- 
puter components and nuclear fuels, 


The story of ceramics 
During the last Ice Age, hunters made clay 
images of animals and hardened them near 
fires. Clay is basically a mixture of aluminium 
and silicon oxides, together with various 
impurities. When heated moderately it loses 
its chemically-bound water and forms a 
porous, hard material suitable for making 
hearths, images and, if pre-shaped, pots. To 
make a non-porous product, higher tempera- 
tures are necessary so that a portion of the 
material melts, or fuses, thus filling up the 
tiny holes in it 

If silica is fused and then allowed to cool 
slowly the result is glass rather than pottery. 
Glazing ~ the production of a glassy surface 
on a solid object - dates back to 4000 BC but 
the first all-glass vessels did not appear until 


1 Glass was made in 
antiquity by [A] 


glass in a mould, add- 
ing a stem, shaping 
the foot and trim- 
ming. Press moulding 
[D] is lore modern » 
technique. A decor- 
perweight [E] 
was made by fusing 
coloured glass rods 
and surrounding them 


mould, A wine gi 
was made [C] by 
blowing molten 


1500 BC , and it was nearly another 1,500 
years before the technique of blowing glass 
vessels was developed. 

The production of ceramics and glassware 
was a highly mechanized industry, even in the 
nineteenth century. But in the second part of 
that century developments in technology put 
the craft on a more scientific footing, The 
chemical structures of ceramics contain no 
free electrons so they are non-conductors of 
electricity. This property became important 
when large-scale electricity generation 
began. The development of satisfactory 
insulators, for example, required much more 
knowledge of materials than did the 
manufacture of teacups. Consequently, 
scientific studies of raw material composition 
and firing methods had to be undertaken 


‘Chemical 
Chemically, ceramics and glass are composed 
largely of compounds of oxygen with other 
elements. Glass, which is composed largely of 
silica (SiO,), is a special case - most oxides do 
not form glasses but many ceramics contain a 
glassy component, Porcelain, for example, is 
with molten glass. 2A 
Glass-working tools 

IF] include a blow- 

pipe, rod, tongs, 

shears and rolling 

plate. Glass was 

originally melted in 

a crucible [G]; later 

bell [H] and cone [1] 
furnaces were used. q 2 


S 


face. Silica, red 
lead and potash are 
melted to make a 
flux, which can then 
be coloured by the 
addition of metal 


addition of small 
amounts of metal to 
the melt. Gold, for 
example, can be used 
to make glass red or 
blue. The colour de- 
pends on the size of 
the individual part- 
icles dispersed in 

Nt. A remark- 
xample of Rom- 
an glass coloured 
with gold and silver 
is the Lycurgus cup 

in the British Mus- 
eum, If seen by re- 
flected light it 
appears an opaque 
green; by transmit- 
ted light, trans- 
lucent purple-red. 
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oxides; addition of 
tin and lead oxides 


cut away, leaving 
metal lines between 
them to form the 
outline of a design. 
Pulverized enamel 
is laid inthe 
troughs and then 
fused, 


of enamelling shown 
here- cloisonne 
fl plique à jour 

CI m 


levéenamelling. 


made from a mixture of clay, sand and an 
alkaline flux. Such fluxes, often common 
minerals such as felspars, lower the tempera- 
ture at which silica fuses. A fragment of 
porcelain viewed through a microscope can 
be seen to have several different kinds of 
particles bound together by a glass matrix. 

Many of the particles in a ceramic are tiny 
crystals in which the atoms are arranged in 
simple geometric patterns. In a glass there are 
no such geometric regularities and the atoms 
are oriented at random. Physically, glass has a 
crystalline structure more like that of a liquid 
than of a solid. 

If glass is not cooled properly (annealed) 
from the molten state [5], tiny crystals do 
appear and the result is a brittle, semi- 
opaque material. Some crystal formation can 
occur with slow decomposition and some 
very old glass, as in Roman bottles, is partly 
opaque [3] due to the chemical action that 
has taken place over the hundreds of years 
that the glass has been buried. Recently, 
techniques have been devised to encourage 
controlled crystal formation in glass by 
reheating it under specific conditions [8]. The 


Bo 


CONNECTIONS. 


Tiormade 


le drawing of 
the design. From this 
cartoon [B], a cut- 
line [C] is traced 
onto linen. Glass is 


‘shape of the cutline 
[D] and the pieces 
are leaded up and 
soldered [E, F]. 


[13] needle poin 
[14] sharpened 
wood; [15] and [16] 
hogshair brushes. 


result is a tough heat-proof and flame-proof 
glass ceramic, which is now widely used in 
kitchen ovenware. 

In firing some ceramics it is not necessary 
to form much glassy material in order to hold 
it together. Where the solid has formed solely 
as a result of sintering (aggregating as a result 
of applied heat) with no fusing, however, itis 
usually porous like brick. This is because the 
particles of material come together more 
closely but, in most cases, do not drive out all 
the minute air holes. 

It is because of their very high melting 
points that the raw components of many 
ceramics have to be sintered rather than 
fused. Such high melting points mean that 
ceramics act as good refractories - lining 
materials for crucibles and furnaces, 


Modern uses of ceramics 

High-density ceramics can now be prepared 
as “whiskers”, which may be used to 
strengthen other materials - or even to 
strengthen more conventional ceramics. 
Thus ceramics can play an important part in 
modern engineering, in some cases replacing 


5 The float glass 
process was develop- 
ed by Pilkingtons 

Ltd in 1959 in the 

UK and is now used 
throughout the world 
for the production 

of flat glass of 

the type used, for 
example, in windows. 


The ingredients are 
mixed in a hopper 
[1] and then melted 
in an oll-fired 
furnace [2]; the 
molten glass [3] then 
passes on to a float 
bath of molten tin 
[4] ina special 
non-oxidizing atmos 
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metals — as in engine parts that must operate 
at ultra-high temperatures. 

Not all ceramics are oxides, and some of 
the newer ones are compounds of different 
elements with carbon or nitrogen [7] 
Carbide-tipped drill bits exemplify the 
ay uses of new ceramics 

Electricity and magnetism are usually 
associated with metals but in the developed 
countries the electrical and magnetic proper- 
ties of ceramics are widely used. Solar bat 
teries, which convert sunlight directly into 
electricity, rely on the use of modern ceramic 
substances. 

If some iron-containing ceramics are 
cooled in a particular way the materials that 
result are capable of converting mechanical 
into electrical energy (and vice versa) 
because of the alignment of electrical dipoles 
in the material. Much of today's sound 
transmission and recording is based on such 

ferroelectrics”. Similarly, “ferrites” are 
ceramics in which the magnetic rather than 
the electrical dipoles have been aligned, and 
they form an essential part of computers, 
radar equipment and small electric motors. 


phere. The glass 
spreads out over the 
molten metal surface 
to form a uniform, 
flat shoot. As the 
glass passes through 
the bath it is 


is not deformed by 
the rollers that 
take it into an 
annealing lebr (5) 
where it undergoes 
further cooling be- 
fore it passes toa 
computer-controll 
cutting and stack- 
ing operation [6] 


gradually cooled so 
that it emerges with 
a firm surface that 


7 Oxides or carbides 
of fissionable ele- 
ments such as uran- 
ium are sintered to 
form ceramic pellets 
which are packed in- 
to metal containers 
and used as 

fuel elements in 
nuclear reactors, 


8 Glass coramic is 
made by heat-trea 
ing preformed glass 
80 that it devitri 

fies. By carefully 
controlling the 

crystal formation, 
glass ceramics that 
combine mechanical 
strength with good 
heat-proof proper- 

ties are produced 


Glass, one of the 
oldest materi 
known to man, can be 
used for some of the 

most up-to-date tach 


6 Pottery is generally 
defined as a porous 
ceramic material 
made from clay by 
firing until it is 

hard. The firing temp: 
erature is compar- 
atively low so that 
the individual part- 
icles in the clay do 


nology. These fluid 
circuits have been 
etched in photo: 

sensitive glass. A 
cial formula means 


not melt and fuse 
together, as can be 
seen in this micro- 
scopic section of a 
piece of pottery. 

To make it water: 
proof a glass-like 
glaze has to be fired 
‘on to the surface. 
Non-porous ceramics 


that on treatment 
with radiation the 
glass crystallizes, 
making it easy 

to etch with acid. 


such as porcelain, 
which do not necess. 
arily have to be 
glazed, are fired at 
higher temperatures 
80 that some part- 
icles meit and fuse 
together, Often 
silica is added to 
give a glossy texture, 


Materials for building 


‘One of man’s basic needs is shelter from the 
natural elements. Primitive man met this 
need by dwelling in caves and then his 
descendants began to construct buildings. 
Key factors in the design of these shelters 
were the climate and the materials available. 
For example, in hot, dry countries, houses 
with tiny windows and thick walls of mud 
were built to keep out the heat and sunlight; 
in rainy climates people normally bi 
sloping roofs of grass and rushes, so that the 
rain ran off the house without penetrating the 
interior, in earthquake areas, houses were 
built of light materials - in Japan some 
internal walls are still made of paper. 


with timber 
Originally an ancient building material, 
timber [2] is now being applied to major 
structures, although its widest use is still in 
house building, Improved design techniques 
and treatments now overcome many 
weaknesses. The strength of timber is diffe- 
rent along and across the grain, so it is made 
more uniform by using adhesives to bond 
multiple layers with the grain running in var- 


1 h 
| 


2 Timber was the 
‘main structural 
material used to 
build small houses 

in the forested 

areas of Europe from 
the Stone Age to the 
17008. Cruck con- 
structions [A] were 
formed by archod 
timbers which sup- 
ported the roof and 
walls. Horizontal 
beams (1, 2] formed 
trusses to take the 
weight. The box 
frame [B] had added 
rails [3] and studs 
(vertical timbers) [4]. 
These helped to stiffen 
the structure and pro- 
vided attachment 
points for cladding, 
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ious directions. Durability is improved by 
better methods of preservation and the 
timber is treated so that it does not burn 
readily. Devices for joining timber structures 
have also been improved, notably metal plate 
connectors with multiple projecting teeth, 
which spread the load over a wide area. 
Timber is now used to make fully 
prefabricated houses [6], which are factory 
finished and ready for erection on a firm 
base. More extensively it is used for joists, 
rafters, window frames, doors, floors and 
studding [3] for internal non-load-bearing 
walls which are to be faced with plasterboard. 
‘Timber also has appeal for conservationists 
because it is renewable - we can plant more 
trees ~and its manufacture into a usable form 
involves no pollution of the environment. 


Building with stone and brick 

Natural stone is still used for building, 
although it has taken on a comparatively 
minor role in industrialized countries, being 
confined mainly to facings and other decor: 
tive finishes. Stone is obtained from quarries 
by blasting or splitting with wedges. If, like 


limestone, it is layered, it must be used in 
such a position that its layers lie at right- 
angles to the direction of pressure. 

Fired bricks are much used for houses in 
developed countries. Their size and type are 
governed by national standards and there is a 
move to set up international standards. The 
size and proportions are broadly chosen so 
that a bricklayer can hold a brick using only 
‘one hand and the brick can bond with others 
lying both parallel and at right-angles to the 
wall face, Despite standardizations, there is 
still a wide range of bricks to choose from in 
terms of appearance, strength and durability, 

Most bricks are made from clay or shale 
and are “burnt” in a kiln. However, some are 
made of silica sand and lime and these are 
known as calcium silicate bricks. Building 
blocks are a little larger than bricks and are 
generally made of concrete, 


with concrete 
Most people think of concrete as a modern 
material, but its history begins with the 
Romans, who used it to build their aqueducts 
and amphitheatres. Another common 
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CONNECTIONS 


See aiso 
‘Making largo 
buiding 


1 Acomplexhouse 3 
belonging to a woman 
of the Dani tribe, 

who live in the 

forests of New 

Guinea, illustrates 

the use of traditional 


of stone, wood, 
bamboo and bone. It 
has a lower room and 
a sleeping loft; the 
lower room has 


over and attached to 


a) 


the centre posts. 


Then the house is 
covered with long 


has a reed floor, but 
itis provided with 

a hearth on a mud 
base to keep people 
warm at night. 


Grass is trimmed 
and prepared for use 
with 


rather like an axe 
with an arched 
blade mounted at 
right-angies to the 
handle. Vines are 
used to lash ti 
building toget! 


the timber frames 
can be filled by 
timber staves [1] 
‘surrounded by wattle 
12] and covered by 
daub and plaster [3]; 
or timber laths [4] 
covered by plaster 

[5]; or with brick 


nogging [6]. The 
frame can also be 
cover 
weatherboard or 
clapboard [7]. In 
Europe, timber was 
| soon eclipsed as 

the principal 
material for frame 
structures. In the 
early 19th century, 
the development of 


rolled iron and 

steel girders 

enabled builders to 
‘construct larger 
buildings. At about 
the same time glass 
was being made into 
large sheets and by 
the close of the 
century reinforced 
concrete was in use. 
Rocent innovation and 
improvements in 
timber technology ~ 
notably better 
methods of connect- 
ing beams by using 
metal plates and 


bilitios of its use 
for making frames, 


misconception is that concrete is used only in 
the construction of large buildings (apart 
from foundations), Concrete is a mixture of 
water, stone and sand with a binder (usually 
Portland cement), Today an industry has 
grown up that precasts concrete into forms 
suitable for house walls and roofs, as well as 
for applications in bigger buildings, When a 
set of moulds is made for this purpose, the 
process is called “battery casting”. A recent 
extension of this idea is a system of battery 
casting concrete panels for rapid building of 
dwellings in developing countries. They can 
be set up on site without the need for fac- 
tories to process them. A “package” is sup- 
plied consisting of a vertical battery unit for 
casting, a transporter vehicle, a tower crane 
and accessories that enable a sub-contractor 
to construct medium-sized blocks of apart- 
ments at a rate of one per day. The basic 
design is standard, but even so the system 
gives great architectural and planning flexi- 
bility using only a few units, These units can 
be assembled in various ways, according to 
the needs and styles of the individual com- 
munity or country. 


4 Thatching [A] isa 
roofing technique 


1] with 

straw layers [2] vert- 

ically fixed to horl- 

zontal battens [3] 

There is no crossing 

or weaving, though 

hazel rods may be 

used to secure the 

thatch on a straw 

roof. Chief materials 

used are straw and 

reeds. Stone tiles 

14] could also be used, 

with round tops 

and a peghole [5] for 
suring them to bat- 

tens [B]. Regional and 

‘economic conditions 

have influenced 

building, particu- 

larly since earlier 

times when transport 

was difficult, slow 

and expensive. As it 

became more efficiont, 

manufactured goods 


then clay tiles we 
made. With the new 
rail systems, slate 
came into use in the 
countryside and 


almost everywhere, 


Other composite materials are gaining 
importance in building homes. In essence 
they are well established; for example, the 
old wattle (interlaced rods and twigs) and 
daub of mud or clay. A modern form used in 
house building is glass-reinforced polyester 
resin. Panels of this material are themselves 
composites; they are applied to timber fram- 
ing and act with the frame to give so-called 
“racking resistance”, which prevents distor- 
tion of the frame. Similarly internal walls may 
be composites of timber frames or metal 
frames fitted with honeycombs of metal 
strips, in both cases faced with plasterboard. 

So far, few plastics have been used as 
structural materials, although they are widely 
used for a variety of accessory roles in build- 
ings. These include panels, gutters and their 
supports, drainpipes and decorative ceilings. 
Water can be stored in plastic tanks and led 
through plastic pipes. Foamed plastics can be 
injected into cavity walls to improve thermal 
insulation. Some designers have built experi- 
mental all-plastic houses, but these have not 
yet been commercially successful because 
they are too expensive. 


6 Complete home 
unit systems are now 
made of timber (with 
steel corner columns) 
infactories and de- 
liveredto site fully 
finished and ready 
for assembly [A], A 
concrete base is pre- 
pared in advance with 
points for connec- 
tions to mains ser- 
vices [B]. The house is 
ready for occupation 
within days. Where 
road regulations 
limitthe width of 

the load, the home 
unit may be tran: 
ported on its side, 
then turned upright 
for assembly tothe 
architect's design, 


‘Standardization in 
building makes use 
of basic units that 
can be assembled in 
various ways in 
order to provide 
flexibility in design, 


was pion- 
eered by Walter 
Gropius (1883-1969), 
the German archi 
tect who founded the 
Bauhaus schoo! of 
architecture in 1919, 


5 Walis may be built 
of a wide variety 

of materials [A] 
including a mixture 
of sods of turf [1] 
and thick clay mixed 
with pebbles [2] 
linked together 
with straw [3] and 
then faced with a 
plaster coating [4]. 
Alternatively there 
may be thin clay 
layers [5] linked 
with straw [6] and 
faced with a 

plaster coating [7] 
or a wall built of 
clay “lumps” [8] 
like bricks but 
unburnt, They are 
lly sun dried, 


His own house was 
one of four resid- 
ences for the teach- 
ing staff, sited 
among the trees of 
the Bauhaus school 
in Dessau, Germany, 
These buildings 
illustrate Gropius's 
theory of standard- 
ization. The houses 
are built of similar 
slag concrete blocks, 
with the walls as 
the main supporting 
elements. His own 
two-storey house is 
basically L-shaped 
with terraces at 
different level 
The external appear- 
ance of the building 
was as important to 
Gro} the func 
tional planning of 

the interior. Today 
unit construction, 
using prefabricated 
sections, permits 

the rapid building 

of homes by relatively 
unskilled workers in 
developing countries, 


True burnt brick 
walls [B] may 
rasomble the early 
regular brick 
{9} orbelikethe 
standardized brick 
laid in what 
known as Eng 
bond [10]. Walls 
may also be made of 
precast concrete 
sections [C]. 
Other materials 
used for walls 
include stone 
awide variety 
of presentations 
using regular 
or unusually 
shapedstones, 
sometimes backed 
by brickand 
faced with plaster. 
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Making large buildings 


The highest building constructed by 1975 
was Sears Roebuck Tower in Chicago, USA. 
It is 443m (1,454ft) tall with 110 storeys. It 
houses 16,500 people and has 103 elevators 
and 18 escalators. Structural engineers have 
calculated that buildings up to 3km (1.75 
miles) tall are technically feasible and such 
structures may be built in the future. 


Why have large buildings? 
The chief reason for constructing large build- 
ings has been to make the best use of the 
limited (and expensive) land area available in 
the world’s major cities. New York City, 
largely confined to an island, could not 
spread outwards so it spread upwards, A 
secondary justification for large buildings for 
commercial purposes is that the whole of a 
large company’s staff - perhaps a thousand or 
more people — can be housed together, with 
obvious gains in efficiency 

Large buildings for homes, such as tower 
blocks of apartments, also make the best use 
of land and simplify the installation of ser- 
vices such as electricity and heating. But they 
can also create social problems — living many 


1 


1 Staging can be 
eliminated by carry 
ing outworkclose 
tothe ground and 
then lifting the work 
uptaitsfinal pos- 
ition. One method of 
doing thisisthe 
“lift slab” system. 
Inthis, whichis 
applied tothe type 
of structure based 


on columns and fiat 
slabs, the upright 
columns [1] are first 
cast at only a part 
oftheir height or 
sometimes at 

their tull height. 
Using moveable 
moulds, the roof and 
floor slabs are then 
cast in sequencs 
pile orstackinto 
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metres above street level can lead to lack of 
contact with the surrounding community. In 
terms of people, a large tower block is the size 
of a village but it generally lacks a village's 
amenities. Many skyscraper hotels, on the 
other hand, are built complete with shops, 
restaurants and recreation facilities. 

Whatever its size, a building must shelter 
people from the elements and have some 
system for controlling the internal climate. It 
must provide spaces for specific uses and such 
services as escalators, elevators and stairways 
for its users. As structures, buildings must be 
able to carry not only their own loads, which 
vary according to the heights and materials 
used, but also the weights of the people and 
things within them. 


Building materials 

Most larger buildings are structures of steel, 
reinforced concrete and prestressed con- 
crete. But a timber home-unit system can be 
built up to ten storeys high and masonry 
(blocks or bricks) can take up to 18 store 
built in cellular form ~ flat slabs arranged in 
“box-like” fashion giving mutual support 


their plan positions ans of 
around the upright hydraulic jacks [4], 
columnsat ground until each reaches 
level, one ontop ts allotted level. 
ofthe other. The Each floor [2] 


slabs are separated 
by special linkages. 
which are later used 
for connecting them 
tothe columns. The 
stack of slabs are 
\ifted, one ata 


secured into 


final position, 


ja 
tops of the columns, 


Aluminium alloys are seldom used on 
large buildings except for roofing over wide 
spaces without supporting columns. High- 
tensile cables may be used in low-rise struc: 
tures of a novel skeletal design, particularly 
where a large open space is needed, as in the 
Olympic tent at Munich, aeroplane hangars 
or sports halls. Timber tends to be used for 
skeletal structures such as post and beam 
constructions and common trusses (the sup- 
ports for roofs and bridges). So it is more 
likely to be found in single-storey buildings — 
although timber structures can be built up to 
greater heights and spans for schools, han- 
gars, exhibition halls and for lightly-loaded 
floors, footbridges and roofs. Joints are made 
by mechanical fixings such as multiple nails, 
staples and bolts, or with adhesives. Treat- 
ments for preserving wood against biological 
attack and for retarding fire, as well as gui- 
dance on timber designs, have all improved 
considerably in recent years. 

Masonry is brittle, strong in compression 
but weak in tension. Its use is therefore 
largely limited to columns, walls and arches 
Designs have to ensure that lateral forces are 


and for this reason The system stil 

demands formwork 
for casting the units, 
butit means that 
allthis type of 
work can be compl 
tely carried out at 
ground level, This 
results in more ec- 
‘onomical formwork, 
virtually eliminat- 
ing the need for 


stable, Sometimes 
the method is mod: 
ified and whole 

Units of slabs with 
cast-inbeams, 

or shell roofs, are 
jacked up from below. 


CONNECTIONS 


See siso 
Matera fr bulking 
Machines 

Harbours and do 
Bulking with ioc 


raised supports, 
When each pair of 
floors has been 
Secured, the outside 
walls [5] are buil 
between them using 
brickwork or pre- 
cast concrete slabs, 
leaving openings for 
window frames and 
doors to be fitted 

ata later stage. 


resisted and that structures cannot buckle or 
fail by horizontal sliding. 

Steel [3] is used in skeletal structures, 
which have a self-supporting framework clad 
with other materials. Or it may be used in 
“surface-active structures”, where the frame, 
the rails supporting the covering sheets and 
the sheets themselves — particularly when 
they are of steel — are regarded as acting as a 
single unit. Ultra-high-rise buildings [Key], 
with heights of more than 100m (328ft), are 
rare outside the United States and demand 
more sophisticated frame techniques. 

Today reinforced concrete [6] is widely 
used for building frames, The concrete may 
be cast on site or precast, depending on the 
ease of using formwork (the wooden mould 
into which concrete is poured) on location 
and the number of times the process has to be 
repeated [5]. Other factors are the nearness 
of the factory to the site, the availability of 
cranes and the speed with which the building 
has to be constructed. 

Concrete may also be compressed by ten- 
sioning its reinforcements and it is then 
known as “prestressed”. This treatment ena- 


2 Theliftslabsystem 3A 


is shown in section, 


1 Reinforced coner 
Hloors assombled a 
ground lovel 

2 Reinforced concroto 
column 

3 Stool rods 

4 Hydraulic jack 

5 Floors fitted at 
appropriate levels 


5 Slipforming is 
the application of 
continuous casting 
of concrete to the 
construction of tall 
buildings. Formwork 
intheform of a 

steel shuttered 
‘mould [1] about 1.3m 
(4.5tt) deep is 


bles embedded rods or high-tensile wires to 
carry an amount of direct or bending tension 
without the concrete itself going into tension, 
making it effectively much stronger 

Reinforced concrete can be used for 
skeletal structures, often based on precast 
units and used mainly for industrial and shed- 
type buildings. Concrete may also be used in 
a shell form of construction, where the sur- 
face is an intrinsic part of the structure 
Exciting and original shapes of shell have 
been designed, notably in South America and 
Spain. Probably the most famous such struc- 
ture, however, is the group of concrete shells 
of the Sydney Opera House in Australia 


Pneumatic buildings 

Large “tents”, kept up by inflating them with 
air under slight pressure, are called 
pneumatic structures. They are made of 
strong fabrics and, depending on the degree 
of curvature and span, may be reinforced 
with membrane ribs and cables, So far these 
structures have been used mainly for tem- 
porary buildings, sometimes for protecting 
Permanent ones while they are being built 


3 Steel beams are 
riveted together [A] 
toform arigid 
framework. The hor- 
izontal beams are 
fixed to vertical 
columns, The frame 
construction using 
reinforced concre 


erected on the found: 
jons. it contains 
vetwork of heavy 
steel wires or rods, 
which act as rein- 
forcement [4]. Con- 
crete [6] is contin: 
ously cast into the 
mould and the forms 
are slowly raised by 


ascrew or hydraulic 

jack [3]. They then 

‘effectively “climb” 

stoel pipes or rods 

[2] previously cast 

into the foundations. 

The upward move- 

ment of the formwork 
mitted by 

is of the yokes [5]. 


The Empire State 
Building was opened 
in 1931. Itisasteel 
structure and was 
reported, in 1936, to 
have swayed a total of 
75.4mm (2,97in) 
during a gale of 164km 
(100 miles) per hour. 
Four power beacons 
shine from the top of 
the 381m (1250ft) high 
building. The 68m 
(222ft) television mast 
was added in 1950-51, 
The Empire State 
Building was, until 
the world’s 
building, and it 
remained the third 
tallestafterthe 
completion of the 
443m (1,454ft) Sears 
Roebuck Tower, 
Chicago, and the 
World Trade Center in 
New York. The latter- 
shown here inthe 
background—is 412m 
(13534) tall 


cal pillar [1] with 
its reinforcing rods, 


4 Three modern pile- 


into the ground: it 
driving methods ar: 


is reinforced by a 


the main beam [2], driven piles [A], steel grid and with- 
again showing rein where a prefabricated drawn after concrete 
forcing rods, and pile is driven into iscastintoit; and 


the slab floor [3], 
which is partly cut 
away here to show 
howitis attached 
tothe main beams, 


hard stratum provid- 
Ing afirm base; driv- 
en and cast piles [B] 
where the vibrator 
drives a steel tube 


bored and cast piles 
IC] where a hole 
lined and a con- 
crete mixture 
cast into the hole, 


6 Atypical reinfor- 
ced concrete block 
[A] has steel rod 
reinforcementswith Q} 
standard hook bends 

[1].A load-bearing 
beamis strong in com- 
pression butweakin 
tension. Without rein- 
forcement, concrete 
will crackunder 

strain whereas 
areinforced beam 

will not. Aconcrete 
block [B] with 

metal sheathing [2] 
‘encloses the tendons 
[3]. which are ten- 
sioned [blue arrows]. 
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leased so thatthe 
tendon compresses 
the concrete to form 
a prestressed block, 
Ordinary cast 
concrete [C] hasa 
variety of uses: for 
paths, roads and 
foundations, with 
wooden shuttering 
[4], hardcore base 
[5], and the shut. 
tering pegs [6] 


Building with local resources 


Over the centuries industrious people with 
both the will and opportunity to create 
wealth found ways to make their lives 
comfortable. The ancient Romans knew 
nothing of modern technology yet they had a 
water supply system that provided Rome 
with nearly 1,000 million litres (220 million 
gallons) of water each day, homes warmed 
with hot air flowing in channels under the 
floor, an efficient sewerage system and 
thousands of kilometres of excellent roads 
with fine bridges. These achievements were 
accomplished by making the maximum use of 
local resources within the bounds of their 
own limited technical knowledge 


Overcoming cost barriers 

Today the world has developed an enormous 
fund of sophisticated technology and with its 
aid men have walked on the moon, Such 
advanced technology costs a great deal, how- 
ever, and not all nations have the means of 
payment. One of the major problems of the 
Third World is its inability to produce enough 
to create the wealth needed to buy the tech- 
nology for increasing production 


1 Water storage in 
the Western world 

is achieved by the 
construction of huge 
reservoirs, To con- 

vey the water to where 
it is wanted canals 


and pipelines are 
built. Anew approach, 
suited to countries 
that cannot afford 

to pay for major 


number of rainwater 
tanks sited where 

the water is needed, 
These “tanks” are dug 
in the ground and 
lined with three or 
more layers of poly: 
thene sheet, separated 
by a mud and DDT 
mixture to kill 

termites that bore 


through the outer 
skin. 


a wearing surface 
‘of cement mortar 
“sausages” made 
with polythene tubes. 


3 The fittration of 
drinking water for 

a small community 
supply scheme can 
be carried out 
efficiently by means 
of a relatively che 
slow” sand filter in 
a concrete-lined tank, 
The sand particles 
should be between 
O.Zand 0.5mm in size 
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and the bed [1] about 
1.2m (4ft) deep, sup- 
ported on a layer of 
graded gravel [2] sur 
rounding a porous 
pipe drain [3]. At least 
50cm (20in) of clear 
water must be main- 
tained over the sand 
and there should be an 
underwater upward 
flow intet (4) that will 


The financial problem can be solved with 
outside aid or through self-help. Each can 
contribute independently but a combination 
is often even more fruitful. In Indonesia, 
Latin America and some African countries, 
food production is being significantly 
increased by huge irrigation projects. The 
engineering know-how is Western, financed 
by the World Bank and similar organizations, 
but the works themselves are the product 
largely of the art of using local resources. 


Water, energy and labour 

Since the dawn of history, there has been 
water in the world’s rivers running to waste. 
‘Today canals and reservoirs are being dug by 
hand, with animals being used to move the 
soil. The banks are waterproofed with hand- 
puddled clay. And even deserts often have 
vast reserves of water under them. The sun 
shines daily on millions of square metres of 
the earth's surface, providing immeasurable 
quantities of free energy that is never used. 
Some of the underdeveloped countries have 
enormous reserves of labour. The problem is 
to harness this water, energy and labour ~ 


4 The sun's heat can 
be used to desalinate 
Seawater. The water 
is led into shallow 
channels under glass 
[1]. Water evaporating 
from tl face 
condenses on the 
underside of the 
glass [2], running 


not disturb the sand. 
Flow must not exceed 
100 litres/m? (18.4 
gal/yd?), In such a slow 
filter a layer of living 
organisms forms at 
the top of the sand 

bed adding biological 
purification to the 
mechanical filtration 
that is achieved 

by means of the sand. 


along with the numerous other unexploited 
resources such as fertile soil, timber and 
minerals ~ and make them productive 
without having to make investments in 
contemporary technologies beyond the 
financial resources of those concerned. 
‘There are several methods of developing 
local domestic water supplies cheaply [2, 3, 
4). If the water has to be raised to a higher 
level, a simple pump such as the Humphrey 
pump [5] can be used. And when there is a 
plentiful supply, as in a fast-flowing stream, a 
hydraulic ram can be used. This makes use of 
the energy of flowing water to pump small 
volumes to a higher level. Where bamboo is 
plentiful and water pipes hard to get, the 
bamboo can be drilled out and used to carry 
water, as is done in Ethiopia and Indonesia, 
The sun’s energy can be used to heat 
water in a solar heat collector consisting of a 
folded length of piping in a frame under glass, 
By connecting a storage tank at a higher level 
the water heated by the sun will rise to the 
tank and be replaced by cooler water, A solar 
heater of this kind, fitted with a sufficiently 
large heat collector, will heat water for 
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2 In stored water, tment plants in 
before itis costly. 
filtered, sediment The process can 
that would quickly carried out in 
block a sand filter a small community 
must be removed supply scheme by 
if the water is means of a simple 
for human use. The  concrete-lined tank 
large sedimentation with a sloping 
tanks used in water bottom. Important 


down the slope to the 
‘edge where it drips 
into a freshw. 
channel [3]. Additional 
fresh water can be 
collected from rain 
falling on the outside 
of the glass [4] and 
draining into other 
channels [5]. 


ed replaces both the 
piston and flywheel 
of the conventional 
power unit and needs 
no separate pump. 

It will operate 
an efficiency of up 


features are the 
inlet baffle [1] (which 
stops incoming water 
from “stirring” the 
tank), the scum board 
12] (to stop floating 
‘matter from passing 
out) and the sludge 
drain at the lowest 
point of the tank [3]. 
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to 20% using almost 
any gaseous fuel, is 
cheap to produce and 
ly maintained, 

The water inlet 

valve [1] Is automatic. 
Operating on a four- 
stroke cycle the 
“bounce” of the water 
produces the compres- 
sion, suction and 
exhaust strokes. 


washing and can even boil it for cooking. 

Draught animals walking in a circle can 
drive simple crop processing machines using 
a device that works like a ship's capstan 
coupled by a crown wheel and pinion to a 
horizontal shaft. Water power can be har- 
nessed to operate small machinery using a 
simple hardwood turbine of the kind used in 
Nepal to drive village flour mills, 

For small-scale irrigation there are a 
number of ways of levelling land using ox- 
drawn graders and scrapers, which can be 
made by a blacksmith. A metal barrel, cut in 
half and fitted with a steel cuttingedge on one 
side, can be used to scrape and carry soil, 
pulled by a team of oxen. Numerous other 
improved and new farm implements have 
been designed and found invaluable [8, 9}. 


Industrial applications 

A wide range of village industries 
introduced to create non-agriculturs 
ployment. Good soap, for example, can be 
made from caustic soda and locally available 
fats. A pottery can be established with a small 
brick firing kiln to make domestic vessels, 


6 In the developing 7 
countries the lack 

of a reliable, cheap 
and convenient supply 
of energy is a con 
siderable problem, 
Dried cattle dung is 

a widely used fue! 

but its value as a 
fertilizer is lo 
when it is burnt 

By subjecting dung 
to anaerobic fermen: 


tation (without oxy 
gen), methane is pro- 
duced and the waste 
slurry has a high nit 


rogen content which is 
more readily available 
as a fertilizer than 

the natural nitrogen 

in unprocessed dung. 
The diagram shows 
how a cheap 3-4m? 
(108-141cu ft) meth 
ane generator can be 
built with provision 
for continuous 
charging with dung 
slurry, steady produc- 
tion and about 1.5m? 
(53cu ft) gas storage. 


8 Rice cultivation is 


widespread in poorer 
countries where the "pudding" of rice 
it provides the fields so that they 


will retain water as 
long as possible is 
normally a tedious 
hand job. 


staple diet for the 
buik of the popu- 
lation, Because there 
is usually a surplus 


of cheap labour in action puddling tool 
these countries shown here is pulled 
cultivation is tra by oxen and does the 


tionally carried out job quickly and econ 


sometimes of original new design. A village 
foundry for casting aluminium or iron objects 
can be set up at relatively little cost. 

An excellent example of the application 
of appropriate, as opposed to advanced tech- 
nology can be seen in the increased efficiency 
and productivity being achieved in the 
coastal fishing industry of Ghana, Most 
Ghanaian fishermen use 10m (33ft) canoes 
made from tree trunks. Small trawlers would 
undoubtedly be more efficient, but a less 
expensive improvement has been made by 
fitting outboard motors to the canoes, Bet- 
ween 1961 and 1971 the number of motors 
used increased from 19 per cent of the 
number of canoes to 86 per cent. 

Another example is found in India where 
the manufacture of cement is insufficient to 
meet city needs, In rural districts lime is 
widely used as an alternative material where 
the superior strength of cement concrete is 
not essential. Small-scale lime manufacture is 
carried on throughout the country. A 
superior lime mortar, which sets under water, 
is made by the addition of surkhi(a substance 
similar to the volcanic ash pozzolana). 


IDrain-otf tank 


J 
chopper blades first 
cut the soil trans- 
versely. Then discs 
cut it longitudi- 
nally. Finally a row 
of 16cm (6.3in) long 
knives cut through 
the chopped soil like 
tiny ploughs. This 
implement was de- 
veloped in Japan, 
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7 Awaterwheo! is 
used by the Amish 
people of Pennsyi- 
Vania to transter 
power over a 
tance of upto nearly 
1km (0.6 mite) 

by a reciprocating 
wire power trans- 
mission system oper 


ating on the prin. 
ciple illustrated. The 
waterwheel turns 

k Which raises 
lowers the 

hted corner of 
a triangular frame 
left] which pivots 
on another corner to 
transfer the motion 


The march of tech- 
nology has made men 
creature 


room at night takes 
the existence of elec- 
tricity for granted, 
forgetting that man 
lived for many cen 
turies with only oil 
lamps and candles. 

The technology of 
reinforced concrete 
depends on steel 
rods or wires to 
withstand tension 
while the concre 
itself stands imi 
compression. Yet 
costly steel is not 

the only material 
strong in tension, A 
concrete stucture 
requiring some rein- 
forcement against 
surface cracking can 
sometimes be ade- 
quately strengthened 
with natural bamboo, 
a material that 

is plentiful and 

cheap in some of 

the poorer countries. 


to the horizontal 
The moving 
is supported at 
intervals by chains 
hanging from pole 
tops. At the far end 
second 
rs the 
motion to a vertical 
reciprocating pump. 


9 The groundnut 
lifter, drawn by a 
pair of oxen, is a 
simple tool devel 
oped in Nigeri 

The oxen walk each 
side of a row of 
groundnuts, which is 
also straddled by the 
two “depth” wheels 
whose height can 
be easily adjusted. 
The sharp lifting 
blade cuts its way 
horizontally through 
the soil under the 
groundnuts, leaving 
them in loose soil 
on the surface ready 
for quick gathering 
by hand. The tool, 
assembled with bolts, 
can be made by 

any blacksmith. It 

has proved itself 
after extensive 


states of 
Nigeria and is now 

in common use there. 
Ithas also been 
successfully field- 
tested in southern 
regions of Zambia, 
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Early weapons and defence 


To provide himself with food and protection, 
man has always needed weapons. Primitive 
man probably armed himself with sticks and 
stones that he found lying around [1]. These 
hand-held weapons were adequate at close 
range but were obviously no use for beating 
off a large predatory beast or bringing down 
an animal such as a fleet-footed antelope. 
With an increase in manual dexterity and 
intelligence, man began to adapt the ma- 
terials at hand to make tools and weapons, 


The first weapons 
A curved stick, carved to the correct cross- 
section, can be thrown with great accuracy 
and will return if it misses its target. This 
weapon - the boomerang ~ is still used today 
by Australian Aborigines 

Stones with a groove carved round them 
and tied together by a length of leather or 
cord produce a bolas, a throwing implement 
still used in South America. This weapon also 
has a long history and similarly shaped stones 
have been found in Stone Age sites in 
Europe. Such weapons are good enough for 
hunting game, but man needed better 


1 Neanderthalman 1 
lived in Europe some 
40,000 years ago and 
laeo- 


represented 
lithic (Old Stor 
culture. The 
of these people were 
mostly stones, clubs 


sharpened to a point 
and hardened by fire, 
The technical dev 
‘opment of weapons 
did not occur evenly 
throughout the world 
but eventually Nean- 
derthal man’s culture 
was supplanted by 
more sophisticated 
cultures using stone- 
tipped weapon: 
the Neolithic or 
New Stone Age 
oples. The Austra 
Aborigin 
mained at the Palaco- 
lithic stage. Stone 
weapons were super- 
seded by bronze and 
eventually by iron. 


4 e 


4 Tho war club or 
mace grew gradually 
more formidable. The 
2,000-year-old iron 
mace [B] resembles a 
4,000-year-old Egyp- 
tian wooden mace [A] 
but was less likely 

to break. The fluted 


5 The early spear 
[A] and javelin [B] 
used in 650-500 BC 
were little differ- 
ent from the Frank- 
ish-Gothic spear 

IC, D] and Roman 
javelin [E] of the 
Sth-7th centuries 


head ofa 14th-century AD. The bill [F] 
mace [C] had much was a medieval devel 
more crushing power. opment of the spear. 
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weapons and the techniques for using them in 
order to overcome his fellow men. 

The spear [5, 6] has been used for 
thousands of years as both an offensive and a 
defensive weapon. Originally it was merely a 
straight stick with a fire-hardened point 
With the gradual improvement of weapon- 
making techniques it was successively tipped 
with stone, bone, bronze and eventually iron. 

Once a spear had been thrown or an 
opponent had managed to get through the 
defence, a more convenient weapon was 
needed for hand-to-hand fighting. Zulu war- 
riors solved this problem with a short- 
handled, long-bladed stabbing spear called 
an assegai. Other peoples arrived at a slightly 
different solution with the sword [9], 
although there is little evidence of when or 
where it originated. 

At first, swords were made of bronze and 
subsequently of iron. The Greek armies 
needed special swords for cutting as well as 
short weapons for stabbing. The Romans 
[Key] fought with an short iron sword ~ the 
gladius. Wielded from behind a barrier of 
large shields the gladius enabled the Roman 


legions to rule most of the known world for 
about 400 years. The heavy infantry 
of Rome was eventually overcome by the 
lightly armed cavalry of the barbarian 
hordes. With the collapse of the Roman 
Empire the Roman way of fighting disap- 
peared almost completely. 

From their bases in Scandinavia came the 
“sea-wolves” in their longships. Vikings 
dealt death and destruction with their long- 
bladed swords and battleaxes. Resistance to 
them produced organized armies whose sol- 
diers were armed not only with long-sword 
and battleaxe but also with the bow. Their 
discipline beat the loosely organized Vikings. 


Bows and arrows 

The bow [8] used in Europe was a much 
heavier weapon than the light recurved bow 
of the Eastern Steppes (made of laminated 
horn and wood and small enough to be fired 
from horseback), Not much used in the west 
for warfare, it was a hunting bow designed for 
use on the ground and from cover, Its ulti- 
mate form was the English longbow ~ 1.83m 
(6ft) of yew with a horsehair bowstring cap- 


(11in) for the 
Viking axe [A] 
of the 7th century. 


connections 


igh 


2 The use of worked 
stone for arrow 

and spear heads 
increased the pene 
trating power of 

such weapons, This 
dates from the Middle 
Stone Age (about 
16,000 BC) and was 
found in Europe. 


c 


2 

E 

oA 8 c o E F 6 Spoar heads iron ones of the 
changed little in Celts [D], Vikings 
their design, despite [E] and Saxons [F]. 
the different Broadheaded stab- 


bronze 
from which they 

\ were made. Bronze 
spear heads from 
Greece [A, B] made 
In about 700 BC 
resemble the later 


bing spears, such as 
the Macedonian 
‘example [C], often 
had a collar 
to prevent ti 
from being pushed 
right through 

the victim's body. 


a 


Key 


able of loosing an arrow Lm (39in) long, The 
Norman troops of William the Conqueror, 
who in 1066 invaded England, carried bows 
and each was also armed with a shield and 
sword and they wore long corselets of mail 


Later arms and armour 

Mail became standard equipment, at least for 
those who could afford it, and gave some 
Protection from arrows. But it did not pre- 
vent the wearer from being bruised by blows 
aimed at him. As armour developed, small 
plates were introduced into the mail at 
vulnerable points until eventually a knight 
was completely encased in steel. The mounts 
which resembled great lumbering cart- 
horses, also had their own armour, 

On their mighty chargers the knights 
thundered into battle — although somewhat 
slowly with the weight they were carrying — 
equipped with a variety of death-dealing 
weapons. A 3.7m (12ft) lance of ash, tipped 
with iron, a shield and a long-sword were 
standard equipment. Other weapons 
included a short dagger and often amace and 
battleaxe or morning star 


Swords of this period were generally long, 
double-edged and straight with a reach of 
about 2m (6ft). They could be used with one 
or both hands. The age of chivalry came to an 
end with the success of the English longbow 
at the battles of Crécy (1346) and Agincourt 
(1415). The bow’s rapid delivery, accuracy 
and range defeated the knights and 
demoralized foot soldiers. Opposing the 
longbows were Genoese crossbows that 
could be operated by untrained troops and 
did not require the Practice needed to use the 
longbow. Their arrows could also penetrate 
armour. But although a more useful weapon 
in these respects, the crossbow had a short 
range and a low rate of fire and was therefore 
no match for the longbow, 

Swords became narrow and light, with 
large guards to envelop and protect the hand. 
By the eighteenth century they had become 
very light and fairly short, often with deco- 
rated hilts. Horsemen favoured curved 
swords, which were used until the present 
century. In modern times foot soldiers carry 
bayonets instead of swords, which are now 
used almost exclusively for ceremony, 


place 
in the history of 
arms development. 
The eastern re- 


old, was the kind 
used by the Mongol 
hordes. The wind- 
lass or Genoese 
crossbow [B] 
proved ineffectual 
against the superior 
English longbow [C]. 


Alarge shield and 
short-sword wore 
standard equipment for 
the Roman legionary, 
The shield provided 

a defensive wall 
behind which the 

soldier was safe 

from almost all 

enemy weapons. In 
deep formations 
shields could be 

used to form a roof 
and walls known as 
the testudoor 

tortoise. In this 

way soldiers could 
attack the walis and 
gates of fortifications 
virtually with impunity, 
Ashort-sword lacked 
the reach of a longer 
weapon and was 
probably used witha 
Stabbing action, But 
itwas also less 
cumbersome and less 
fatiguing to use than 
along-sword. A helmet 
and breastplate helped 
to protect the body 
from blowsthat 
Passed the shield, 


product of the 
arms race between 
more effective arm- 
our and improved 
arrows. More vulner- 
able than a mai 
the horse also ha 
its own armour; but 
if the knight was 
unseated, as often 
happened, he found 
it hard to remount 
and use his weapons, 
and 


y Nearby 
foot soldier less 
heavily encumbered. 
With the introduc- 
tion of firearms, 


against which armour 
offered little pro- 


knight's primary 
weapon, but if this 
broke he still had 

a variety of other 
weapons [B] to 

use. Most knights 
carried a war sword 
[3] with a decorated 
scabbard and belt 
[4]. But other popular 
weapons included a 
mace [2] and 


was a direct 
development of the 
earlier battioaxe. 


AE 
(0, 


4 


| 9 Primitive swords 
include the Egypt- 
ian sickle sword [A] 
of 2000 BC and a 
Swiss sword in 


vi 
Greeks used a double- 
edged stabbing sword 
[Cland a single- 
edged cutting sword 
[D]. The single-edged 
talchion [E] dates from 
medieval times The 


ting weapon, The later 
rapier [G] was used 
with only the point. 
The cavalry sword 

IH] and Samurai [I] 
were slashing swords. 


i 


Development of firearms 


Firearms, whatever their age, are similar in 
principle. They consist of a tube or barrel 
along which a projectile is propelled by an 
explosion, a means of ignition and a way of 
controlling the ignition. The development of 
firearms is marked by improvements to the 
firing mechanism or “lock”, so called 
because firearm mechanisms or actions were 
originally made by locksmiths. 


Development of ignition systems 

The first firearm was the infantry hand 
cannon, It was merely a tube with a spike at 
one end on which it could be supported when 
fired. It was ignited by a glowing match thrust 
into a hole (called a vent) in the breech (the 
closed end of the barrel). 

The first spring-powered mechanical 
ignition system was the matchlock [1] 
developed in the late fifteenth century. The 
arquebus was the earliest matchlock musket 
Matchlocks remained in use for over two 
hundred years, establishing many of the 
accepted characteristics of the longarm. The 
first matchlock weapon to be fired from the 
shoulder was a sixteenth century arquebus, 


edge of a steel 
wheel [3] projecting 
through the bottom 
Most had to be of the pan [4]. Pres: 
pre-wound with akey. sure on the trigger 
Toignite the charge released the wheel, 
the dog [1] holding causing a shower of 
iron pyrites [2] was sparks that ignited 
lowered into contact the priming, which 
with the serrated fired the main charge. 


[A] and i 


Believed to have evol- 
ved from the Jaeger 
rifle introduced to 
America by German 


7 The Kentucky rifle colonists, it was devel- 
was a notably accu- oped in Pennsylvania 
rate flintlock firearm, and used widely in 
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but the early weapons were massive, often 
needing a support for aiming [2]. Moreover, 
loading was slow and dangerous. Powder and 
a ball were rammed down the barrel from the 
muzzle, with a wad to hold them in place. 
Then priming powder (fine gunpowder) was 
placed in the priming pan — all while the 
mechanism held the glowing slow-match. 
These difficulties made the weapon 
unsuitable for mounted men. Almost all 
matchlocks were smoothbore (with unrifled 
barrels), and breech-loaders were rare, 

The wheel-lock [3] was an enormous 
advance over the matchlock because it could 
be loaded and held ready for long periods for 
immediate use. It was invented in the early 
sixteenth century (many of the finest sur- 
viving examples are German [4]) but was 
complex, fragile and expensive. Because rich 
men rode on horseback, the wheel-lock in 
carbine and pistol [5] form became the 
weapon of the horseman. Wheel-locks were 
favoured by German mercenaries (sixteenth 
century) and English cavalry troops (early 
seventeenth century). 

The chief need was for a weapon lighter 


1 The matchlock 
mechanism was intro- 
duced in the late 15th 


powder in the pan 13]. 
A pan-cover |4] kept 
the powder dry and 


century. A slow- retained it in the pan 
burning match [1] was when the arm wi 
secured ina serpen- not in use. The lock 
tine cock [2] which, shown here is typical 


when the trigger wi of those used from 
pressed, brought the the early seventeenth 
match down ontothe century and became 


6 The flintlock in 
a late form is shown 
in this officers’ pistol. 


the Appalachians. 
The hinged box cut in- 
to the butt carried 
patches to wrap 
around the bullet 
before it was rammed 
down the muzzle, 


8 The flintlock w: 
developed in the early 
seventeenth century. 
Pulling the trigger [1] 
released the cock [2] 
that held a flint, This 
struck against the 


e-bartelled pistol (England, 18th century) 


Kentucky rifle (USA, e. 1812) 


and less cumbersome than the matchlock, yet 
cheaper and more reliable than the wheel- 
lock. Both the snaphance and flintlock relied 
on a flint for ignition. They differed in that 
the battery or steel (the piece of metal struck 
by the flint) and pan-cover were one piece on 
a flintlock [8], two on a snaphance. 

The flintlock soon replaced all other 
firearms. Muskets such as the Brown Bess 
and the Charleville, and later rifles such as 
the Ferguson breech-loader, Jaeger rifle and 
the Kentucky rifle [7] have contributed much 
to the development of firearms and to the his- 
tories of nations, 

Many inventors had tried to increase 
firepower by using multi-barrelled arms, 
superimposed charges and other means. But 
none was really practical and only double- 
barrelled weapons had lasting popularity 


Percussion and the repeating firearm 

The Reverend Alexander John Forsyth 
(1769-1843) began the percussion era in 
1805 with his lock that used a highly sensitive 
explosive called fulminating powder as 
priming. Like other later devices the lock 


common on infantry 
firearms. The mechan- 
ism was too cumber- in Europe as the 
some to adapt for common infantry 

a pistol or hand- firearm throughout 
gun, butit wasused the seventeenth cen- 
on the petron tury. Musketeers 
carbine with a short, Protected from the 
curved butt, intended enemy by pikemen, 
for use by horsemen. performed the intri- 


2 Matchlocks of this 
type were in use 


Whee!-lock carbine (Germany, c. 1540) 


Military whee!-lock pistol (England, e. 1640) 


Itis equipped 
with a detachable 
shoulder stock. 


battery or steel [3} 
forcing it back to ex: 
pose the flashpan [4], 
and creating a shower 
of sparks that fell 

into the priming 

and ignited it. 


CONNECTIONS 


See siso 
Histon 
Ai 


artery 
woane 
Modern artiiery 


Modern fgnting 


Early vitary 
Mode! 
Submarines and 


Matchlock musket (England, 1630) 


cate, 
of loading and 

firing the massive 
weapons. Weighing 
as much as 11kg 
(251b), these muskets 
required a forked 
Support to enable 
soldiers to aim and 
fire them accurately, 


4 Made in southern 
Germany about 1540, 
this carbine probably 
belonged to a rich 
man. At that time 
wheel-locks wer 
tremely expensive and 
usually beautifully 
decorated. Repairs 

were also costly. 


5 This military pistol 
of the mid-17th, 
century is similar to 
the weapons used by 
the Cromwellian 
cavalry and other 
European armies. 

A trooper with two 
such pistols had 
great fire power. 


used the explosive properties of fulminates 
when struck by a hammer blow as the means 
of ignition. Of the various percussion ignition 
systems that followed Forsyth’s invention the 
cap-lock [9] was the most successful 

At first the general design of weapons did 
not alter, and many flintlocks were converted 
to cap ignition, Then in 1835-6 Samuel Colt 
(1814-62) patented his revolving pistol and 
the repeating firearm had arrived. Even so, 
Colt’s business was not an unqualified suc- 
cess and in 1842 his first venture failed from 
lack of orders. Then, in 1847, Colt was asked 
by Captain Walker of the US Dragoons to 
produce a new weapon of 0.44in calibre for 
military use. This large, six-shot saddle- 
holster pistol was the “Walker” Colt 

The Walker Colt was followed by other 
dragoon pistols, the 0.3lin calibre pocket 
models, the 0.36in Navy [11] and Police 
models, the 0.44in Army, as well as revolving 
shotguns, muskets and rifles. Muzzle-loading 
revolvers can, if badly loaded, occasionally 
“chainfire”, when more than one chamber 
discharges in succession, Because a longarm 
is held in both hands, this hazard made 


9 Hammer, Cap, 


Nipple Charge 


Vent 


Loading lever 


Wedge 


Key 

revolving longarms unpopular - a right- A 
handed shooter, for example, could shoot off 
his left hand. 

All percussion Colts were “single-action” 
pistols — that is, the shooter had first to cock 
the hammer with his thumb. Most were open- 
frame revolvers and lacked the rigidity of 
solid-frame pistols [12] 


Cartridges and the modern firearm 
Cartridges had been used for centuries, but 
not combining the bullet, the charge and 
primer. The first successful combined car- 
tridge was made in 1812 and later perfected 
by the German gunsmith Johann Dreyse 
(1787-1867) for use with his needle-fire rifle 
in 1837. In America Daniel Wesson 
(1825-1906) developed an improved rimfire 
cartridge in 1856 and a similar cartridge was 
used in the Henry rifle [13B]. In rimfire the 
Primer is sealed in the rim of the cartridge € 
case. Centrefire cartridges (with a central 
Primer) followed, and were used in the 1873 
Colt [14] and Winchester. Centrefire is still 
used for most modern firearms, including 
machine guns and cannon guns, 


9 Percussion-cap 
priming introduced a 
new reliability to fire- 
arms, It was prob- 
ably invented by Josh 
ua Shaw in America 
in about 1815. The 


through the vent (a 
fire hole drilled 
through the nipple) 
and firing the main 
charge. Other meth- possible the future 
ods of percussion igni- work on repeating 
tion included fi 

hammer struck the devices using loose weapons and, finally, 
cap onthe nipple, the fulminate powders machine guns and 
flash travelling and fulminates in other automatic arms, 


11 The Colt Navy 
was not the first of 
Colt’s revolvers, but 
is probably the most 
famous percussion 
revolving pistol. In 
general appearance 
itis similar to the 
larger Dragoon and 
small Pocket models, 


cap was the most ad- 
vanced external igni 
tion system. It made 


Cylinder Nipple Hammor Backstrap 


Recoil shield Butt 


12 An early double- 


of the nineteenth cen- 
tury were the 0.577in 
calibre Enfield rifle 
IA] and the 0.44in 
Henry [B]. The En 
field was made in 
England from 1853; 
it was a single shot 
muzzle-loader using 
a paper cartridge [D] 
which had to be torn 
open on loading to 
expose the powder. 
it was primed with a 
percussion cap. Sev- 
eral sorts of bullet 
for muzzle-loaders 
are shown [C]. 

The American-made 
Henry carbine, devel 
oped by Tyler Henry, 
was produced from 
1862-6. It 


B Hønvy rifle (USA, 1862) 


cartridge rifle and 
the forerunner of the 
Winchester. It had 

a tubular magazine 
beneath the barrel 
holding fifteen rim- D 
re cartridges [E], 

with a sixteenth 

in the chamber. 


13A Enfield rifle (England, 1853) 


action revolver was 
this Beaumont- 
Adams, developed in 
England in 1856 from 
the Adam’s self-cock- 
ing revolver. Trigger 
pressure cocked and 
fired it, or alterna- 
tively it could be 
cocked with the 
thumb before firing. 


pilis and tapes, but the 10, 


The flight of abullet let, charge and primer, 
is stabilized by spin, today combined in a 
caused by spiral metal or plastic case 


grooves (rifling) in the 
sides of the barrel 
Here eight grooves 
are shown [A]. The 
distance between the 
grooves is about the 
diameter of the bull 
the raised “lands” 
cut into the sides 

of the bullet, causing 
itto rotate. Ammun- 
ition consists of bul- 


used separate bullet 
1B], powder [C] and 
percussion caps [D]. 
The cap consists of 
a small charge of sen- 
xplosive sex 
in a cap of metal 
foil. Struck by the 
gun's firing pin or 
hammer, it ignites 


10 Powder flasks: 
were used until the 
introduction of cart- 
ridge weapons. A 
pistol flask such as 
this was designed to 
measure the charge 
as well as pour i 
such flasks were both 
easy and safe to use. 


The Navy was a “belt” 
pistol, as distinct 
from the saddle- 
holster and pocket 


0.36in calibre. Each 
chamber was normally 
loaded from the 
muzzle with powder 


pistols, and was and ball (or coni- 
open-framed, having cal bullet) rammed 
nostrapoverthetop home and the nipples 
of the framo. It primed with percus- 
had hambered sion caps in readi- 


cylinder and was of 


ness for firing. 


Beaumont-Adams revolver (England, 1856) 


-i 


14 Colt cartridge revolver (USA, 1873) 


peared in 1873 and is 
still produced 

today. A centre-fire 
revolver, it wa 

the first “modern” 


handgun to be 
14 The most famous manufactured in 
revolver is the Colt quantity for both 


"45", which first ap- civil and military use, 
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Automatic weapons 


An automatic weapon is a gun, rifle or pistol 
that fires continuously without any external 
aid such as hand-cranking (or even electric 
power) for as long as the trigger is pressed. 
Early designs were hand-cranked in one way 
or another, but they laid the framework for 
the first true automatic designs. 


Early American designs 
The best known early mechanical weapon 
was the Gatling [I], developed by the 
American inventor Richard Gatling 
(1818-1903) and first demonstrated in 1863. 
This used six barrels rotated by a hand crank 
and for 50 years the design was sold and 
copied throughout the world using a wide 
variety of calibres (barrel sizes), Later true 
automatic weapons used electric motors or 
gas pressure taken from the barrel. In the 
blowback action, part of the explosive force 
propelling the bullet ejects the spent car 
tridge and re-cocks the firing mechanism. In 
a gas-operated weapon hot gases led from the 
barrel force back a piston that works the ejec 
tion and re-cocking mechanisms. 

Another American design was the Lowell 


1 The Gatling gun 
appeared in many 

versions, The most 
widely used had 10 


per minute (rpm). 
But this rate of fire 
could be maintained 
for a few seconds 
only, because the 
gun needed to be 
reloaded frequently. 


rate of 1,000 rounds 


gun, produced in 1875. This was also a hand- 
cranked weapon but one that overcame the 
heating problem affecting all machine guns 
after 300 or 400 rounds (bullets) have been 
fired, when the barrel becomes too hot for 
further use. It had four barrels, one of which 
was used at a time, When this became too hot 
a new barrel was rotated into position. 

The next development came from 
another American, Hiram Maxim 
(1840-1916). He designed an automatic 
weapon [2] in London, starting by modifying 
a Winchester rifle. He used a hook fixed to 
the barrel to lock the bolt in place for firing. 
The recoil drove both hook and bolt back 
until the hook was lifted by passing under a 
bridge. The bolt continued back, driving 
round a crank to extract and reload the car- 
tridge and was then forced back by a spring. 
Ammunition was fed into the gun by means 
of a belt, which could be joined to successive 
belts to provide continuous feed for long 
periods of firing. 

Satisfied with the success of this design, 
Maxim simplified it and set up a company to 
produce the gun with Vickers, the ship: 


building company. Demonstrations in 
Europe impressed everybody who saw the 
gun in action. Vickers eventually took over 
the company and developed an improved 
version of the Maxim, which became the 
standard machine gun for many years. 

As designs proliferated three main 
mechanisms came into use: blowback, recoil 
(as in the Maxim) and gas-operation. With 
the recoil method, the breech is locked to the 
barrel and they move back as one to start the 
cycle of extraction, ejection, cocking, feed- 
ing, chambering, locking and firing again. 


World War II 

By the start of World War IT machine guns 
were grouped into three main types: the light 
machine gun such as the Bren [5], which can 
quickly be set up and fired; the medium 
machine gun such as the Vickers, capable of 
sustained fire but of necessity heavier and 
more robust; and the heavy machine gun 
used against aircraft and similar targets. The 
differences between the types are, howeve 
more tactical than technical. The light or sub- 
machine gun was not popular until it proved 


2 The Maxim gun [A]. 
a widely used and 
much copied weapon, 
had various calibres 
and reached 450rpm. 
When tested against 
the Gatling in Ger- 
many it fired 333 
rounds in 30 seconds 
with one man, while 


the four-man Gat 
crew took twice 
long to do the same. 
The cutaway section 
[B] shows [1] the 
gun's three chambers, 
[2] spent cartridge 
‘ase, [3] cartridge 
and bullet in firing 
position, [4] next 


3 The Lewis gun [A] 
was the most success: 
ful light machine 

gun of World War |; 
‘more than 100,000 
were produced for 
the Allied armies. 
Unloaded it we 
11.8ka (261b); it 

was 128cm (50.5in) 
long and held a 47- 
or 97-round pan mag 
azine firing 550 
rounds per minute. 

It could be made 
more quickly and 


cheaply than any 
similar gun, could 
be carried and oper. 
ated by one man, and 
used the same .303in 
ammunition as in- 
fantry ri ac 
Newton (1858-1931), 
a US Army colonel, 
had developed the 
gun in 1811, but it was 
first used by the Bel 
gians in 1914 and soon 
after by the Brit- 

ish. It was also 

widely used on air 


hed 


CONNECTIONS 


See aiso 


cartridge and bullet 


ready for loading 


craft, being fi 
installed on pusher 
biplanes. When 

used in single-seat 
tractor aircraft the 

Lewis was mounted 
on a quadrant on the 
top wing [B] so that the 
pilot could pull it 
down to change the 
drum. Since aerial 
gun-aiming was im- 
precise the Lewi 


its worth in the war in the shape of the many 
excellent German weapons such as the Erma, 
numerous cheap and simple Russian 
weapons and the Sten and Thompson [4] 

The Americans relied on massed fire- 
power from the Garand or M1 automatic 
rifle, described by General Patton (1885- 
1945) as “the best battle implement ever 
designed". This was a gas-operated rifle of 
great simplicity and reliability. It was 
augmented later by a shorter carbine for use 
by troops (other than front-line infantry), 
who found a full-size rifle a hindrance. This 
was the concept behind the Belgian FN 
automatic rifle [6] after the war. 


Automatic pistols and later developments 
Automatic" pistols (strictly speaking, semi- 
automatic weapons) started to come into 
their own at the turn of the century [Key] 
One of the best known — the 9mm Luger — 
went into service in 1908. Tt was officially 
replaced by the Walther P38 in 1938, but 
remained in general use although, being a 
Particularly well-made gun, it was dependent 
on the quality of the ammunition. The advan- 


4 Sub-machine guns 
proved their worth 
in World War Il. The 
Thompson [A], built 
by Colt, was a good 
weapon but expen. 
sive. lt was replaced 
by the Sten [B]. 

More than 2 million of 
these were produced 
at a cost of £1.50 
each, The German 
Erma MP 40 [C], 

like the Sten, was 
made largely from 
stamped-out parts; 


only the barrel and 

breech were precision 
made. Many regarded 
it as the best light 
chine gun of the war. 


6 The Belgian FN 
was adopted as the 
standard NATO 

rifle in the 1950s. It 
can be used as a 
single-shot weapon or 
as an automatic and 
fires the standard 
7.62mm round. 

The operation of the 
gun is simplified be. 
cause the left hand 
works the cocking, 
feed and safety while 


the right hand is left to 
hold and fire the gun. 
Like the Bren, the 
FNis 
but its 21 

zine is mounted un- 
derneath the gun. The 
gun is self-loading and 
fully waterproof and 
is one of the 

best infantry weapons 
in the world. It has 

a maximum rate of 
fire of 600rpm. 


tages of the automatic over the revolver was 
its more rapid rate of fire and larger 
magazine. But it was more likely than the 
simpler revolver to jam in dirty conditions. 
This is one of the crucial points in the designs 
of all weapons, particularly automatics, 
These guns have to be able to operate in 
extreme conditions without loss of efficiency 

With the coming of fighter planes, then 
bombers that needed to defend themselves, 
the machine gun took to the air. The Lewis 
gun, Spandau and Hotchkiss were used in 
World War I fighters, with eight 12.7mm 
(0.5in) guns being mounted in fighters in the 
later stages of World War II, and up to 13 in 
the Flying Fortress bomber. Brownings were 
the most popular choice of Allied forces. 

With the coming of fast fighters the target 
was often in range for only a split second and 
Was generally heavier and stronger, Cannon 
(with explosive bullets) began to replace 
machine guns long before the war ended but 
the ultimate weapon for this purpose came 
with the development of the rotating-barrel 
Vulcan [7], which uses a similar principle to 
the Gatling for its phenomenal rate of fire. 


7 The GEC Vulcan 
was designed for use 
in fighters in its 20mm 
form, Later the 7.62 
mm MiniGun was de- 
veloped for helicopter 
use in Vietnam 
against ground tar- 
gets, where the 
6,000rpm rate 

had devastating re- 
sults. The Vulean is 


here mounted on a 
tracked chassis for 
anti-aircraft work 
with a power-operated 
traverse to track 
low-flying super: 
sonic aircraft. Al- 
though wasteful of 
ammunition, the Vul- 
can represents 

the optimum in 
current machine guns, 


Key 


The Browning FN 
pistol, weighing 
just over 900 
grammes (21b), was 
Widely issued in 
World War II as the 
standard British 
automatic pistol. 
It carried 13 9mm 
rounds in a maga: 
zine in the butt, 

an advantage over 
the usual 6-shot 


5 The Bren was 
highly regarded and 
is still in service 
today [A]. Built by 
the Royal Small Arms, 
Enfield factory from 

a Czech design, the 
Bren was a good light 
machine gun and 
standard equipment 


revolver. But its 
accurate range of 
some 46m (150ft) 
is no better than 
that of the re. 
volver. With both 
weapons, accuracy 
depends principally 
onthe man behind 
the gun. Strictly 
speaking, this and 
similar weapons 
are semi-automatic. 


in nearly all the Allied 
armios. The mechan: 
ism [B] is gas 
‘operated. Gas from 
the barrel [1] drives 
back the piston [2) 
and the breech block, 
which ejects the empty 
case and then, as Ìt 

is driven forward 


Foresight 
‘mm cartridge in breech 
Firing pin 

Roar sight 

Hammer 

Return spring 

Return spring guido 
Trigger 

Magazine 


again by the return 
spring [6], picks up a 
new round [3]. The 
hammer [4] then hits 
the end of the firing pin 
{5} and fires the round. 
The volume of gas in 
the chamber [7] is 
controlled by a gas 
regulator [8] 
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History of artillery 


The term “artillery” strictly includes any 
weapon that projects a missile farther than a 
man can throw it by hand. But with large mis- 
siles, the mechanism used is too heavy to 
carry, and the definition of artillery is now 
generally limited to weapons of this type 


Early artillery “engines” 

All artillery makes use of stored energy that 
can be released and expended quickly to 
propel the missile. Before the invention of 
gunpowder there were three ways of doing 
this: the compression and tension of fibres, as 
in a bow; the torsion (twisting) of sinew or 
fibre as in the catapult; and - much later ~ the 
use of a counterweight, as in the trebuchet. 
Artillery using the bow principle was 
known in Syracuse in 399 BC, at about which 
time a repeating bow firing bolts was 
developed by Dionysus of Alexandria 
Similar weapons were still being used by the 
Chinese in the 1890s. 

A development of the bow, known to the 
Romans as the ballista, used a single arm 
inserted into a band of fibre that was tight- 
ened by a winch [2]. It could be used to throw 


ES 


a variety of missiles, including stones, Greek 
fire (a mixture of pitch, sulphur and 
naphtha), live or dead prisoners and filth. A 
ballista had a range of about 500m (1,640ft) 
and fired a missile weighing up to 150kg 
(3301b). The only siege engine to be invented 
in the Middle Ages was the trebuchet [4], 
which used a heavy counterweight that 
imparted velocity to the missile. 


Development of firearms 
Gunpowder became known in the West 
about the end of the thirteenth century. Guns 
first appeared in Europe in the first quarter of 
the fourteenth century and there seems to 
have been an industry making and exporting 
guns in Ghent at that time. Early reports of 
their use in combat include the Siege of Metz 
(1324), the Battle of Halidan Hill (Scotland) 
in 1333, and the Battle of Crécy (1346). The 
first guns fired arrows [5] and later ones shot 
stones or balls of cast or wrought iron 

Early light guns were breech-loaders, 
each with a separate barrel or chamber, 
mounted on a wooden frame or sledge. These 
guns were individual pieces with little 


standardization. Some, such as Mons Meg 
[Key], were huge and became legends. Mons 
Meg is 4m (13ft) long, its calibre 49.5cm 
(19.5in) and its weight 5 tonnes. It fired 
150kg (330Ib) granite balls, A weapon 
known as the Dardanelles gun, of cast bronze 
beautifully made in two pieces that screwed 
together, is at the Tower of London, Its 
length is Sm ( 16ft), its calibre 63.5cm (25in), 
its weight 17 tonnes and the weight of the 
stone shot 304kg (6701b). Tzar Pouchka, in 
Moscow, cast in 1586 was 5.4m (18ft) long, 
its calibre 91.4cm (36in), its weight 38 tonnes 
and the weight of the stone ball 998kg 
(2,2001b). The weight of powder used to fire 
this monster was 90-136kg (200-300Ibs), In 
1544 Emperor Charles I of Spain (1500-58) 
limited artillery to seven models, permitting 
standardization of shot 

The barrels of the first true guns were 
made from a bundle of wrought-iron rods 
arranged in a cylinder and welded together 
Molten lead was generally poured into the 
grooves and the whole barrel wrapped in iron 
hoops. The trunnion, a short stub-axle fitted 
to the barrel to enable the muzzle to be raised 


2 The most powerful 4 
catapults of anti 

quity used the tor 

sion principle rather 

than the sprung bow. 

The stone missiles 

were of varying 

weights and the artil | 
leryman had to make 
allowance for thi 


1 The bow introduced 
the principle of storing 
energy for sudden 
release. It was used 

in warfare by the 
Ancient Greeks ~ 
classical Greek 
technology could 

be very competent 
when thore was a 
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slave shortage. Bows 
and arrows con- 
tinued to be used in 
warfare even after the 
invention of gun-pow 
der because they were 
cheap, effective and 
accurate. The cross- 
bow was developed 
in the Middle Ages. 
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3 The onager, given 6 
the same name as a 

wild ass because of 

its kicking action, 

was another kind of 

Catapult that used 

torsion. The long 

arm was winched down, 

and when released 

it whipped forward L 
against the buffer BA 
and hurled the stone. A 


5 The pot-de-fer, 
the earliest type of 
gun used in the West, 
was first employed in 
the 14th century. It 
fired a bolt or heavy 
arrow. Similar Chi 
nese guns probably 
fired arrows from 
boo tubes 


CONNECTIONS 


See aiso 


4 The trebuchet, a 
medieval siege 
weapon, was designed 
to hurl stones. 

Also called a man 
gonel, it worked 

with a heavy stone 
counterweight that 

fell to provide the 
necessary power 


6 This breech-load- 
ing cannon of the late 
14th contury is from 


Castle Rising, Nor- 
folk, England. The 
illustration shows 

a spare breech and 
balis. The problem 

of recoil was a 

major one at this time. 


or lowered, was not invented until the mid- 
fifteenth century. Artillerymen filled cases 
with small stones or scrap metal, or loaded 
them loose in the barrel, and used them as 
anti-personnel missiles, 

Tactics developed slowly, Initially artil- 
lery was used to batter down walls or to fire 
from walls at an approaching army, Turkish 
siege guns were largely responsible for the 
fall of Constantinople in 1453. Between 
1537 and 1551 the Italian mathematician 
Niccol Tartaglia (c. 1500-77) put forward 
the first theory about trajectories. He showed 
that a flying shot follows a curved path - 
previously gunners had thought that it went 
straight for a certain distance and then fell 
vertically downwards 

In 1626 Gustavus Adolphus of Sweden 
(1594-1632) tried to devise light field pieces 
to support his troops. He had his armaments 
industry make copper barrels bound with 
iron rings and covered with leather. But these 
barrels rapidly overheated and therefore 
could not quickly be reloaded. He also 
organized his artillery into three roles: field. 
regimental and siege. This became a fairly 


Key 
standard form of division until 1776 when the Mons Meg, a welded 
French Inspector of Artillery Jean-Baptiste Wrought-iron cannon 


de Gribeauval (1715-89) grouped them into 
field, siege and coastal defence, By that time 
guns were carried on light horse-drawn car- 
riages with second carriages, the limbers. 
holding ammunition and spare parts 


Artillery at sea 
Heavy naval guns were of greatest use for 
broadsides at close quarters, although 
longer-range light guns could be used for 
harassment, Ships were rarely destroyed by 
ship-based guns but heavy damage could be 
inflicted. Pebbles or almost any pieces of iron 
could be used on land or sea as anti- 
personnel missiles; grapeshot was bags of 
round-lead shot. Chain-shot, two hemis- 
pheres of iron keyed together and joined by a 
chain, was particularly effective against masts 
and rigging, Shore artillery could be far 
heavier and more accurate. Iron shot was 
sometimes heated before firing in order to 
start fires on ships. After loading the main 
powder charge, the gunners added a small 
damp charge followed by a red-hot ball 


t 
\ 


Drawbridge 


Living 
quarters 


8 This muzzie-load- 
ing Parrott rifle 

~ a 10 pounder with 
a 3in bore - was 
used by both sides 
in the American 
Civil War (1861-5). 


9 Used in sieges 
with devastating 
offect, this 13in 
mortar was deployed 
by Union forces 
during the Ameri: 
can Civil War 


11 During the Crim- 
ean War (1854-6) of a lighter calibre 
this British 18- Many of the field 
Pounder field gun [B] pieces in use were 
with its ammunition  9-pounders and some 
wagon [A] was used. were as much as 
Much of the allied 40 years old. 


artillery, however, was 


made in about 1460, 
can still be sean 


7 Commanders played 
a crucial part in de- 
veloping the technol- 
ogy of artillery. Henry 
VIII [A] dovel- 

oped the British 

Navy, founded an 
arsenal, and took a 
detailed interest 

In the development of 


10 A field piece of 
this type was used by 


all armies during the 
War of Spanish 


Succession (1701-14) 
it had a chased and 


at Edinburgh 
Castle in Scotland. 


fortifications [B]. He 
introduced some of 
his own ideas in 
fortifications of 

the north against 

the Scots andin 
Boulogne against the 
French, and encour. 
aged the scienco of 
military engineering 


elaborately decor 
ated gun barrel of 
brass or iron [1] 
and its gun carriage 
was reinforced with 
iron binding [2]. 


12 Gun tools of the 
Napoleonic Wars 
included a damp 
sponge [1] -used to 
get rid of glowing 
residues in the bore ~ 
a rammer [2], which 
drove the projectile 
into position, and a 
worm [3] for removing 
any obstruction 
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Modern artillery 


There was little change in heavy guns for the 
500 years from the time of their introduction 
in the 1300s to the early 1800s. Their barrels 
were cast in bronze or iron and they were 
loaded from the muzzle using black powder 
(gunpowder). Then the nineteenth century 
advances in metallurgy and chemistry were 
applied to artillery 

In 1855 William Armstrong (1810-1900) 
of England designed a three-pounder gun 
with a barrel made of wrought iron wrapped 
round an inner tube. The barrel was rifled to 
give spin to the shell and therefore greater 
accuracy and it was loaded from the breech. 
Many such guns were made in various 
calibres [1], but the design was not com- 
pletely successful. Better was the sliding 
breech-block, designed by Krupp of Ger- 
many, and the interrupted screw system. 

In 1888 black powder was replaced by a 
new propellant explosive ~ guncotton or 
nitro-cellulose. It burnt more slowly, 
generating more hot gas and therefore more 
force. Gun sights were also improved. 

In an explosive shell fired from a muzzle- 
loaded gun the fuse was ignited by the hot 


3a 


3 The German 88mm 
anti-aircraft gun [A] 
was perhaps the most 
famous artillery wea- 
pon of World War Il. 
During the desert 
campaigns of 1940-1 
its crews discovered 
it to be an excellent 
anti-tank gun. Fol- 
lowing this it was then 
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gases from the propellant. By 1880 steel 
projectiles were in general use. A soft metal 
collar, on a steel shell, called a driving band, 
sealed it from the gases, thus another type of 
fuse had to be used. Some detonated when 
they hit a target and others used clockwork or 
timed powder trains. 

A new explosive for the shell, based on 
picric acid, was introduced in 1886. The 
shrapnel shell ~ a case filled with small steel 
balls — was invented in 1784 and continued in 
use until 1916, Breech loading and the new 
explosives gave rise to “fixed ammunition” 
with a cap detonator, main propellant charge 
and the projectile all in one metal case. For 
calibres of more than about 15cm (6in) sepa- 
rate charge and shell continued to be used. 


Developments to World War 1 
A French field gun of 1897 had a device to 
absorb much of the recoil. As the barrel was 
forced back by the explosion in it, the move- 
ment was arrested by compressing oil in a 
reservoir; air in a second reservoir was also 
compressed and its pressure forced the barrel 
forward again, A spade at the end of the gun 


1 The Armstrong 
18kg (401b) breech: 
loading gun was used 
at groat expense by 
the British army be. 
tween 1859 and 1863, 
but technical prob: 
lems caused it to be 
converted toa 
muzzle-loading gun. 


2 Ranges and trajec- 
tories of [A] long. 
rango support guns, 
[B] howitzers, [C] 
light support guns, 
[D] anti-tank guns 
and [E] mortars 
vary according to 
the military 
functions they serve. 


mounted on tanks 
such as the Tiger, 
whore it was equally 
effective. The British 
25 pounder (Cl, 
basically an anti 
infantry howitzer, 
also proved valuable 
as an anti-tank gun, 

lt, too, lasted the dura. 
tion of the war. The 
latest British 105mm, 
[B] is a close support 
gun with a range of 2- 
15km (1.2-9.3 miles). 


4 The American 
M-107 is a 175mm 
self-propelled gun fir 
ing a 67kg (148Ib) shel 
a range of 32km (20 
miles). It was intro- 
duced in 1962 as a re 
placement for big 
towed guns and is one 
of the largest SP 
guns in service. The 
light chassis, giving a 
top speed of 54km/h 
(34mph), necessitates 
rear recoil spades, 


carriage helped to keep it steady. This gun, 
the famous "75" (it had a 75mm calibre), wa 
still in service in World War IL. Its flat trajes 
tory, however, limited its use against well- 
protected installations for which high- 
trajectory howitzers were sometimes needed. 

Britain had a variety of guns: a 13- 
pounder (3in calibre, about 75mm), 4.7in 
and 6in guns, and 4.5in, Sin, 6in and 9.2in 
howitzers. Germany used a 77mm field gun 
firing a 7kg (about 151b) shell and howitzers 
of 42, 105 and 155mm calibres. Nearly all 
gun carriages were pulled by horses, although 
there were a few trials using lorries, Some 
large guns were mounted on railway wagons. 
The most famous of these was the 21cm 
(8.3in) “Paris Gun” with a range of 132km 
(82 miles), successful only in its value as an 
item of propaganda 

Developments in ammunition included 
poison gas shells (1915) and white phos- 
phorus smoke shells (1916). The high explo- 
sive TNT replaced shrapnel. Trench warfare 
led to the development of the midget how- 
itzer, or mortar. Mortar calibres increased 
from 75mm (3in) to 150mm (6in) and even 
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5 Heavy mortars 
with high trajectories 
have been important 
infantry weapons 
since World War Il. 


and large mortars evolved 
nto infantry weapons with recoil systems and 
sights [5] 


230mm (9.4in) 


Developments to World War Il 

Light close-support guns had been the only 
addition to artillery since 1918 when war 
broke out again in Europe in 1939 and lorries 
began to replace horses. The British used the 
pounder gun-howitzer, with a range of 
370m (13,400yds) [3]. The United States 
nd Germany had 105mm howitzers firing 
4.5kg (101b) shells over a range of 10 to 
12km (6.25-7.5 miles). 


Improvements in design allow 


'] 
shells to be fired over greater ranges — and 
calibres varied from 20mm (0.79in) to 
800mm (31.5in). New fuses exploded shells 
at a pre-set height above the target. Mount 
half-tracks and full 


Special defensive guns 


avier 


ings included wheels. 
lar tracks. 
were developed for anti-tank use (some self 
propelled) and for anti-aircraft [3] 

Then new weapons appeared — rockets 
that had been tried and abandoned in the 
mid-1800s, Germans and 


cate 


Americans used 


6 The German V2 
rocket was one of 


Built like finned shells, 
14m (46ft) high and 

e most destructive guided by automatic 
and sophisticated pilots, each carried 
weapons of World nearly a tonne of ex 
War ll, Launched plosive across a 
mainly from site range of 320km (200 
the Netherlands miles) at a top speed 
they killed 2,855 of 5,794km/h 
people in England, (3,621mph). 


Panzerfaust and bazooka anti-tank rockets 
Britain and the USA developed a 3in anti 
aircraft rocket and a Sin multiple assembly 
that could lay 455kg (1,000Ib) of high explo- 
sive per second on a target for nearly 
minute. The Russian equivalent was a 
130mm (S.lin) lorry-mounted 
rocket system called Katyusha. 


multiple 


After World War I 

In the closing stages of the war Germany 
introduced its two “vengeance weapons”, the 
V1 flying bomb and the V2 rocket. The V1 
was a small pilotless aircraft using a pulsejet 
engine with rocket-assisted take-off. It was 
used to bomb London and nearby targets 
from launch sites in France and the Nether 
lands. The V2 [6] was a supersonic liquid- 
fuelled rocket carrying a warhead of nearly a 
tonne of high explosive. It served as a model 
for later Am nd Russian experiments 
with rockets - soon to be called missiles [9] 
For speed of preparation and firing, modern 
missiles solid-fuel propellants and, 
armed with nuclear warheads, they can be 


ican 


have 


fired from underground silos or submarines. 


7 Portable rocket 
launchers gave 
infantrymen of World 
War Ii the ability 

to knock out tanks 
and other armour 

at short range. This 
modern US model is 
capable of carrying a 
nuclear warhead, 


Launching 


Bios 
datiector 


Fuel 


6 


9 The command sys- activates a tracking 
tem of a surface:to- radar (3] to lock on 
sir guided missile the target. In tac 
sometimes has along- tical systems the 
ange radar [1] sys tracking radar both 
tem that detects the detects and trac 
target and sends the target. Once the 
flight-path informa targe tab 
lished as an enemy. 
the control computer 


tion to a control 
which 


omputer 


launches a missile 
|4] and activates the 
missile radar [5]. 
Information from the 
target and missile 
radar is then fed back 
to the control com: 
puter which guides 
the missile through 
a command radio [6] 


10 Rockets with con- 
siderable range and 
firepower, such as 
Swingfire, can be 
launched from the 
backs of tanks as 
well as trom fixed 
sites. They can locate 
and destroy enemy 
vehicles before 


Bp Russian rockets, on 
F display in Moscow's 


* er with US weapons. 


8 Minuteman was 
the first in a series 
of US intercontinen: 


we three-stage 
solid-fuelled rock: 
ots are always 
fired from below 
ground and carry 
oads 


they get within 
gun range. Another 
means of achieving 
speed and mobility 
in placing rockets T 
for attack or for 

defence is to launch 
guided rockets from 


high-speed naval 3 
patrol boats. = 


Armoured fighting vehicles 


Of the many types of armoured fighting vehi 
cles (AFVs), the tank is the most significant 
The idea of such a vehicle can be traced back 


thousands of years. But it was not until the 
internal combustion engine and caterpillar 
tracks were developed at the beginning of 
this century that it became practi 


le to 
devise a war machine that could carry men 
and weapons protected by armour plate 
Britain took an initial lead in tank 
development. the World War I 
machines being designed by the Admiralty as 
landships. Then an American, Walter 
Christie, designed a tank with a more ad 
vanced suspension (the T3), which influ 
enced the new Russian tanks. By 1941 the 
Russians had their T34s [3] ~ then the best 
tanks in the world, not matched until 1943 


carly 


Guns and armour 

Between 1939 and 1945 typical gun calibres 
grew from 37 to 120mm and armour thick 
ness from 30 to 240mm (1.2 to 9.4in), Tank 
weights rose from 20 to 70 tonnes. The 
heaviest tank ever to go into production was 
the limited traverse Jagdtiger of 1944, with a 


3 The Russian T34 anization, compared 
with a 76mm gun and with those of the 
45mm (1.8in) of Germans, were poor 
sloped armour was. 

in 1941, the best tank 
in the world, and 
came as a shock to 
the Germans. Its 
500hp diesel engine 
was a model of reli 
ability with a speed 
of 51,5km/h (32mph) 
The Germans were 
able to advance deep 
into Russia despite 
the T34 because Rus 


4 The American M4 
Sherman tank was the 
main allied tank of 
World War I| after 
1942. It ha 
an crew, 80mm 
(3.1in) armour pr 
tection, and was or 
inally equipped with 
a short 75mm gun, 
The later version, 
shown here, had a 
larger, 76mm, gun. 


five: 


sian tactics and org 
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128mm gun, 
weight of 


250mm (9.8in) armour and a 
Such tanks were too 
expensive and their size and weight hindered 
their mobility 


72 tonnes. 


In recent years tank design has been 
aimed at flexibility in use, with sizes and 
weights less than the highest of World War I 
Advances in gunnery have improved the 
shooting on the move and at moving targets. 
Night shooting uses infra-red gunsights and 
thermal imaging equipment which detects 
heat patterns 

A modern tank has a long-barrelled gun 
of 105-120mm calibre, which can fire high 
velocity armour-piercing shot against tanks 
and high explosive shells against other 
targets. It can also fire canister shot (con 
taining 
massed 


large scatter-gun pellets) against 
infantry. The gener 
mounted. together with a machine gun for 
use against infantry, in a turret that provides 
all-round traverse 
ting power, mobility 
communic lows a tank to make a flex 
ible, swift response and gives it the shock 
action 


gun is 


The combination of hit 
armour and good radio 


tions 


needed to penetrate defences 


2 


Most tanks have 
commander. 
operator are in the turret and the driver down 
in front, in the hull. The engine is mounted 
behind the turret and at the back is the com 
unit. The tank 
runs on tracks, with five or six large wheels 
cach and large shock 
absorbers to permit it to travel at speed over 
rough ground. Modern tanks have steeply 


four-man crews. The 


gunner and loader/radio 


bined gearbox and steerin 


side springs and 


sloped armour up to 120mm (4.7; 


n) thick 

Among the most prominent tanks of the 
1970s are the Russian T62, a 47-tonne tank 
with a 115mm smooth-bore gun firing fin 
stabilized ammunition 
Leopard |, a 
105mm gun. The 


and the German 
43-tonne tank with a 
British Chieftain, 
armoured and with a 120mm rifled gun, is 
one of the heaviest tanks currently 
The an M60 A2 
armed with 


fast 


heavily 


Ame! 


is a 52-tonne tank 
a gun that fires conventional 
shells and Shillelagh guided missiles 

Tanks rarely 
needing infantry 


operate effectively alone 


artillery, engineers and air 
craft in support. But past battles have shown 
that, boldly 


used, armour can be decisive 


1 The Daimler arm: 
‘oured car first served 
in 1941 and was 

still used in the 

1960s. It was a 
reliable reconnais 
sance vehicle, De 

pite 

dri 


lour-whee! 
e, it had only 

limited cross-county 
ability. Its 95 hp 

engine could achieve 
80km/h (50mph) and 
had five forward and 
reverse gears. If the 


vehicle had to reverse 
along a road, the com 
mander could steer it 
by means of a whee 

mounted in the turret 
It carried a crew of 

3 and a 2-pounder gun. 


CONNECTIONS 


2 PzKpfw Ill wa 
Germany's main tank 
at the beginning of 
World War Il and an 
important weapon in 
the Blitzkreig attacks 
on Poland in 1939, 
France in 1940 and 
Russia in 1947. E. 
models had a 37m 
gun, but later 
versions had a 50mm 
gun, It was outclassed 
by the Russian T34. 
Alimited traverse 


version, Sturmge 
schutz Ill, with the 
75mm gun of the 
PzKpfw IV, gave 

excellent service 
until the very end 
of World War Il. 


because of its great mobility and because of 
its shock value against infantry 


Light armoured fighting vehicles 
Some AFVs, such as the Daimler armoured 
car [1], do not have the strong armour of 
main battle tanks cted only 
against shell splinters and machine-gun bul 
lets, This keeps their weight down and en 
ables them to travel at high speed 
Reconnaissance vehicles seek out the 
enemy, patrol open flanks and act as an carly 
warning screen against surprise attack. Some 
A tracked AFV 


and have better cross. 


and are prot 


have wheels and some tracks 
tends to be smaller 
country performance 
wheeled alternative 


but is noisier than its 


Armoured personnel carriers, such as the 
Saracen [7], take infantry into action. There 
are wheeled and tracked versions, which 
have guns to provide cover for their infantry 
or to engage other similar vehicles 

The artillery have armoured self 
propelled guns, such as the Abbot [8]. The 
engineers have armoured bridge launch vehi 


carrying a folding bridg 


span on a 


7 The Saracen is e 
one of the armour: 

ed personnel car 

riers that uses whee! 

rather than tracks, 

giving a silent run F 
and a long range on 

roads with littie 
maintenance. Such 
wheeled APCs are 

useful for internal 

security operations. 

A Saracen has smoke 
dischargers and a | 


machine gun in its 
turret. All 

six wheels are 
driven, but it has 

a limited perform: 
ance off the road, 
Tracked APCs 

have a better cross- 
country performance. 


Broke 


Roar view minor 


ro1age bracket 


Steering 


hattle-tank hull 
fire positions or 


Armoured bulldozers dig 
clear debris. Armoured 
recovery vehicles rescue tanks for repair 
clear routes or assist tanks to cross water 
Many of the lighter vehicles are now made of 
aluminium alloy and special sandwich arm 
our plate which makes them proof against 
many previously effective anti-tank weapons. 
They can float or easily be made to do so 
with a screen erected around the hull. Some 
tanks carry snorkels which enable them to be 
driven across rivers under water. They are 
all equipped with gas proof interiors with 
filters to remove contamination from air. 


The future of tanks 

Anti-tank guided weapons can be launched 
from the air, the ground or from light vehicles 
and are controlled in flight, But control by 
the firer is difficult and automatic guidance is 
expensive. Unless they are mounted in an 
armoured vehicle, they are vulnerable and 
too expensive to use against targets other 
than tanks 
have not yet supplanted tanks, although they 
do complement them 


Thus as a weapons system they 


5 Aminesweeping 
fail was one of the 
many special AFV 
devices developed 
in World War I 

here seen mounted as 
the “Crab” on 

the Sherman tank 
The flail consisted 
of chains on a rotat 
ing drum, which beat 
the ground in front 
of the tank and ex: 
ploded any mines in 
its path. Now tanks 
push ploughs or rol- 
lers, or launch sau 
sages of explosives 
by rockets over a 
minefield to clear 
thoir paths of mines. 


mm L13A1 gun 


Radiat 


Commander's cupola 


Breech me 


The Mark IV tank was ing requirements: it 
used by the British had to cross wide 
in World War 1. Its trenches and also be 


shape was largely 
dictatod by conflict 


transported to the 


6 


railway wagons. Mk 
IV tanks were first 
used in the Battle of 
Cambrai, in France, on 
20 November 1917 


6 The Swedish S 
tank is a novel con 
cept with no turret 
This allows a low 
profile and slight 
weight yet excellent 
armour. The gun is 
aimed by moving the 
whole tank on its 
suspension and 


steering. The crew 

is three, although one 
man can operate the 
tank in an emerg: 
ency. Ammunition 

is loaded automatic 
ally: the magazine, 

is at the rear 
limiting the fire risk 

if hit. The gun 


| Ammunition stowage 
nd fighting 
mpartment 


Machine gun ammunition 


breech at the back 
chassis re 
protuberance 
of the barrel, allow. 
ing traverse in con 
fined spaces. The 
engine must be run 
ning to traverse and 
the tank cannot fire 
while it is moving, 


8 The British Abbot 
is a self-propelled 
artillery gun. Artil 
ery needs mobility 
to keep pace with 
the battle and to 
avoid „sunter battery 
fire. Armour pro- 
tects it against such 
fire and against at 
tacks from enemy who 
infiltrate the forward 
areas. Some self- 
propelled guns are 
outwardly similar to 
tanks, but there are 
many differences to 
suit their different 
role of sustain- 

ing fire against 
targets covering a 
large area deep 

in enemy territory, 
beyond the direct 
line of sight used by 
tanks. The Abbot 
uses the same auto- 
motive components as 
the tracked APC, 
FV432. It can 

swim” using an ex 
tended screen while 
being propelled and 
steered by its tracks. 


Fighting ships: the age of sail 


Nations dependent on sea trade have always 
needed fighting ships to protect their sea 
lanes. Peaceful maritime commerce has usu- 
ally been the result of an acknowledged naval 
supremacy on the part of one nation*or 
another. By building up sufficient naval 
strength, interlopers have been able to 
achieve dramatic reversals of commercial 
power, as when the Arabs supplanted the 
Byzantines in the fifteenth century or when 
the Spanish were pushed aside by the Dutch 
and English in the sixteenth and seventeenth 
centuries. Some nations used ships for 
attacking other countries, as when the Vik- 
ings in their longships terrorized eastern Bri- 
tain in the ninth century 


Galley warfare 
An early reference to naval warfare in Egyp- 
tian temple reliefs of the second millennium 
BC shows a battle between the Egyptians and 
the “Sea People”, with the former using 
oared sailing boats and the latter pure sailing 
boats. The Egyptians won, perhaps because 
of the superiority of their galleys. 

‘The ancient Greeks, Phoenicians and 


1 A Roman war tri- 
reme of the first 
century BC can be 
drawn quite accu- 
rately from reliefs 
ofthe time. It was 
propelled either by 


Captain's 
wine store 


Venetian galley galleon (c. 1585) was 
had a lateen rig, a forerunner of the 
‘one bank of oars, a ship of the line. The 
ram which doubled fourth mast disap- 
as a boarding bridge peared in about 1625, 
and five guns but some 19th-cen: 


placed in the bows, tury vessels had four. 
RS 


>, 


Romans had galleys with up to three (and 
perhaps more) staggered layers or banks of 
oars [1]. These boats carried an auxiliary 
square sail on a single mast, Bows, arrows and 
catapults were not decisive weapons and an 
engagement usually had to be decided by 
boarding the enemy, Because of the sweeps 
(oars) this could be done only by head-on 
attack and the ram was a useful means of 
holding or capsizing an adversary. 

Galleys survived until the early 
nineteenth century in some areas with 
remarkably little alteration, the major 
changes being the replacement of staggered 
sweeps by a single bank of longer sweeps 
powered by more men, and the replacement 
of the inefficient single square sail by trian- 
gular lateen sails on one or more masts [2], 

The demise of the galley followed the 
development in northern waters (unsuitable 
for galleys) of manoeuvrable sailing men-of- 
war, which could fire devastating broadsides 
The galleys could carry at most only five guns 
placed in the bows and were no match for the 
men-of-war after the sixteenth century. The 
last great galley battle was fought off Greece 


taken out (as shown) 
before battle. The 
lower-bank oars were 
manned by or 
each, the middle 

by two and the upper 
bank by three. This 
galley needed 144 
rowers. Armament 
comprised a ram, a 


drawbridge (corvus) 
tor boarding, a cata- 
pult (onager) and a 
ve carroballista which 


ram prevented the 
galley ramming too 
far into an enemy 


Tortoiseshell formation 


Mast hole 


at Lepanto in 1571 when the Turkish fleet 
was defeated by a combined southern Furo- 
pean force 

During the Middle Ages, there was no 
difference between the design of merchant 
and fighting ships; the former could be con- 
verted readily into the latter if soldiers were 
carried instead of cargo and wooden battle- 
ments were nailed on the bows and stern (the 
origin of the forecastle and quarter-deck). In 
fact, the distinction between the type of 
vessel used for trade, war and piracy was hazy 
until the seventeenth century and even up to 
the nineteenth century when privateers or 
corsairs were easily adaptable 


Importance of artillery 

Light anti-personnel artillery was fitted on 
the rails of vessels during the fourteenth cen- 
tury and the great ships of the early Tudor 
period had gun ports pierced in the hull 
Larger ships of this period were built 
primarily for naval purposes but would often 
engage in trade. The same was true of the 
Elizabethan galleon and in the Anglo-Dutch 
wars of the seventeenth century the Dutch 


ship. The castle was 
a vantage point for 
the commander as 
wall as a refuge in 
battle. On galleys 
which did not have 


awning for shade. 


CONNECTIONS 


See siso 
Hintory of artiary 
Modo fighting 
npr 


Corvus 
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fleets were essentially composed of the large 
two-decker trading vessels (known as “East 
Indiamen™) of the Dutch East India Com- 
pany. By that time, however, the fleet on the 
English side was purely naval and included 
some ships with three gun decks running the 
whole length of the ship. The upper decks 
such as forecastle and quarter-deck often 
carried guns as well 

Up to the time of the Anglo-Dutch wars, 
naval tactics remained fairly similar to those 
used by the galley; ships formed a line abreast 
and “charged” the enemy. But the increasing 
importance of artillery and its broadside 
placement led to the line-of-battle tactic [5] 
in which ships forming the line presented a 
formidable wall of guns. Only three- and 
two-decker ships were included in such lines 
and were known as “ships of the line”. Two 
opposing lines would sail parallel to one 
another, firing broadsides in an attempt to 
create confusion in the enemy line so that it 
could either be pierced or divided 

Crossing an enemy's bow or stern not 
only ensured safety from his fire (which could 
be aimed only sideways) but also provided 
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hes 08 
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Quarter deck 


the opportunity to rake him. The bow and 
stern were the weak spots of a ship and shot 
ploughing through the whole length of a gun 
deck was particularly lethal. The side which 
achieved the windward line had the advan- 
tage of being able to disengage more easily in 
case of trouble. In addition, an enemy could 
be holed below the water-line (exposed as 
the ship heeled with the wind), 


Close-range fighting 
Attack at close quarters remained an impor- 
tant tactic and in the Napoleonic wars the 
British fleets made effective use of a large- 
bore, short-range gun called the carronade 
[10]. The British traditionally aimed at 
smashing the enemy's hull, while the French, 
firing on the uproll, concentrated on rigging 
and upperworks. 

Beginning with small. paddle-wheel war- 
ships, navies experimented with steam 
engines carly in the nineteenth century 
Engines were fitted in ships of the line in the 
1850s and in the next decade the appearance 
of the rifled shell gun rendered the “wooden 
walls" obsolete and ushered in the ironclad. 


5 Naval fleet tac- 
ties of the 17th to 
19th centuries were 
based on a line of 
battle with two- and 
three-decker ships 
forming a line 
ahead and frigat 
stationed outside to 
relay flag signals. 


6 Deaths at sea s 
during the age of 
fighting sail were 


British 
navy during the late 
18th century show 
that accidents and 
diseases took many 
more lives than 
enemy action, Respi- 
ratory diseases like 
pneumonia and tuber- 
culosis were rite, 

as were illnesses 
from bad food and 


drink. In the s 


and yellow fover 
(the “black vomit”) 
were added hazards. 


Main mast 


Entry port 


11 HMS Victory 
(1765) was a typical 
irst-rate” ship of 
the period. She 


Men-of-war were 
classed into rates 
from the 1650s until 
the ond of the era 

of sailing navies. 
Rates were based on 
numbers of guns 
carried (excluding 
the carronades) and 
ware altered several 
times during the era 
of the line-of-battle 
ship. In Nelson 
first-raters [A] ha 
100 or more guns on 
three decks, second: 
raters [B] had 90 to 
98 guns on thr 


decks, third-raters 
IC] had 64, 74 or 84 


decks and fourth- 
raters [D] had 50 
on a single dock. 
Only the first three 
rates were classed 
as ships of the line. 
Fourth- and fifth 
raters (32-44 guns) 
wore frigates. 
Sixth-raters (20-28 
guns) were sloops 
and brigs of war. 


7 Gunnery procedure 
changed little be: 
tween 1560 and 1860. 
The powder cartridge 
was carried from the 
magazine in a box 

[A] to protect it from 
sparks. It was pushed 
down the gun's 
barrel with a rammer 


IC] and pricked 
through the touch hole 
with a priming wire 

IE), The barrel wi 
swabbed, after firing. 
with a sponge [B] 

to oxtinguish embers. 
The worm [D] was 
used to extract 
unfired charges. 


8 Naval cannon 9 Types of disabling 
had a touch hole shot included 
11), cartridge [2], chain [A], B), 


wads [3], shot [4], elongating IC], grape 


[D] and canister |E]. 


at close range. 
Light in weight and 
more manoeuvrable 
than other guns, 

it was mounted 

on the upper decks. 


yer”. first 
fitted in 1779, was 

a short, stubby gun 
that firad a heavy 
shot and was deadly 


carried 104 guns: 
2 12-pounders on 
the forecastie, 12 
12-pounders on the 
quarter-deck, 30 
12-pounders on the 
upper gun deck, 28 


24-pounders on the 
middle gun deck, 30 
32-pounders on the 
Jower gun deck and 2 
68-pounder carron- 
ades. She carried 
850 officers and men. 


Orlop deck 


Foremast 
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Modern fighting ships 


Navies are still used to protect shipping lanes, 
deter invasions or support military opera- 
tions on land. But the nature of modern war- 
ships has changed radically in the past 30 
years. Until World War II, battleships were 
the most important units of any fleet, armed 
with large guns and protected by thick 
armour plate. In essence, they had altered 
little from HMS Dreadnought [1] of 1906, 
just as most other types of warship, particu- 
larly cruisers, destroyers and submarines, 
were fundamentally similar to their 
predecessors of 30 years earlier 


Rise of the carrier 

World War I changed the pattern of naval 
power. Aircraft carriers with dive-bombers 
and torpedo-bombers could strike enemy 
targets at SOOkm (300 miles) range, com- 
pared with the 32km (20-mile) range of a 
battleship’s guns, Carriers had been under 
development since 1912, but were perfected 
as weapon systems only between 1939 and 
1945, when it became clear that their 
mobility and striking power made them sup- 
reme. Today large attack carriers [5] are still 


1 HMS Dreadnought, 
the world’s most in- 


a naval arms raco 
which contributed to 


fluential battleship, the outbreak of war 
was completed in in 1914, She was the 
1906. She had ten firstwarship whose 
12-inchgunsandwas main guns were of 
driven at21 knots jal calibro, essen: 


by Parsons steam tur- 
bines. She made all 
previous warships 
‘obsolete and started 


ji for correcting 
fall of shot and fir 
ing salvoes at long 
range; she was also 


the most powerful surface warships, carrying 
about 80 bombers and interceptors, all 
similar in performance to their land-based 
counterparts. 

Modern naval aircraft are too heavy to 
take off from a short deck, so they are laun- 
ched by powerful steam-driven catapults. An 
incoming aircraft is arrested on landing by 
means of a wire across the flight deck which 
engages a hook under its tail. These special 
techniques enable carrier aircraft to use a 
shorter runway than that needed for normal 
take-off and landing. Naval aircraft carry the 
entire range of weapons and equipment used 
by land aircraft, including guided missiles, 
bombs and electronic counter-measures. 

The development of Vertical Short Take- 
off and Landing (V/STOL) and Short Take- 
off and Landing (STOL) aircraft has led to a 
new type of hybrid carrier, whose main func- 
tion is to provide air cover for a group of ships 
and helicopters for anti-submarine defence 
Helicopters have now become effective 
Weapons against submarines because they 
carry both detection gear and weapons. 

Air attack is one of the greatest dangers 


faced by surface warships and modern navies 
are equipped with a range of defensive 
guided weapons. Surface-to-air and surface- 
to-surface missiles are large and so destroyers 
armed with them are now as big as the light 
cruisers of World War I; many of the larger 
classes are rated as cruisers. American sur- 
face warships were the first to be armed with 
long-range surface-to-surface missiles, but 
Soviet ships now carry them as well. 


Development of the submarine 
Submarines have changed almost beyond 
recognition since the introduction of nuclear 
propulsion. By eliminating the need to use 
oxygen from the atmosphere for burning fuel 
in diesel engines, nuclear propulsion has 
given submarines not only great power for 
high underwater speeds but also unlimited 
endurance. When the tactical advantages of 
nuclear propulsion were combined with the 
awesome destructive power of nuclear ballis- 
tic missiles, submarines suddenly became the 
most deadly weapons in history [6, 7]. The 
Polaris missile, and its successors the 
Poseidon and Trident, are fired from under 


three knots faster 
than her contempor. 
aries. She saw very 
little action during 
World War |, butshe 
influenced design 
and gave her name 
toanewtype of 
ship. The four-shatt 
Parsons steam tur: 
bines she carried 


were the first fitted 
ina large ship, 
They proved more 
reliable and econom: 
ical than existing 
ical trip! 
expansion steam 
engines. The ship's 
overall length was 
160m (526ft) and 
her beam 25m (821). 


Elevation 
mechanism. 


3 Alarge naval gun 
is still aformidable 
woapon, used today 
mainly for bombard- 
ing beaches and shore 
gets bet 

amphibious landing 

of troops. Heavy 
explosive shells are 
fired by detonating 
a’bag” of pro- 

pellant explosive 
loaded behind them 
inthe breech of the 
gun. Shells and pro- 
pellantare carried 
from magazines below 
decks on a system of 
conveyors and hoists. 
Atransfer arrange- 
mentatthe top of 

the first lift lets 

the turret rotat 
within its barbette. 


Loading 
levator 


4 An aircraft hunting 

a submarine uses a 
the ship's rad variety of devices. 
Bothradarandguns Radar [I] detects 
are stabilized gyro- anything above sur- 
scopicallytocompen- face. Different types 
sate forthe ship's of sensors pickup 


pitching and rolling. fumes [2], tempera- 


568 


ges 
ocean [4] or magnetic 


and broadcast any re- 
fields [5] caused flections [7], An 

by the submarine. airborne computer or 
Underwater sonar “tactical display” 
buoyseitherrecord [3] gives an overall 
sound [6] or send picture ofthe 
outintense sound search being made. 


CONNECTIONS 
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Suomarines and 


Moder a 
Hyaiot 


2 The British motor 
torpedo boat (MTB) 
was first used in 
World War | but de- 
veloped into amore 
potent weapon in 
World War ll, The 
German equivalent 
was the Schnoliboot, 
and the Americans 
called itthe PT 
Armed with torpedo 
tubes and light guns, 
MTBs could reach 40 
knots. By the end of 
World Wari, MTBs 
and MGBs (armed 
only with guns) had 
sunk 269 enemy ships 


water and use the surface of the sea as a 
launch pad. Ballistic missile submarines do 
not reveal their position until the moment of 
firing and so there is no counter-measure 
short of finding and destroying all hostile 
jultaneously, Even the pos- 
sible interception of incoming missiles by 
anti-missile weapons is made more difficult 
in the Trident missile which has 14 indepen- 
dently targeted war-heads. Submarines are 
now being built as “hunter killers" to seek and 
destroy nuclear missile equipped vessels 
They are powered by quieter engines which 
makes them hard to locate with sonar lis- 
tening equipment. 

However, to gain full advantage of the 
submarine, particularly the nuclear-powered 
submarine, it is rarely used against surface 
ships. The submarine acts independently, 
although remaining a vital part of a fleet. 

In the last ten years, the fast patrol boat 
(FPB) has become more powerful with the 
introduction of light but destructive subsonic 
surface-to-surface missiles, These 
armed FPBs are small and make fast, difficult 
targets. They are relatively cheap to build 


submarines si 


missile 


5 The nuclear-pow: 
ered USS Enterprise 
is one of the longest 
warships, with a length 
of 341m (1123h). 

She also hasthe 
most powerful propul. 
sion system with 8 
nuclear reactors 
developing 280,000 
shaft horsepower 
through steam tur 
bines. Completed in 
1961, the Enterprise 
carries about 100 


aircrattand has 

amed more than 
640,000km with only 
one refuelling. Ad: 
vantages of nuclear 
power in acarrier 
are extended range, 
absence of haze and 
turbulence when air 
craft are landing 
and surplus steam 
for operating cata- 
pults. Thesquare 
island superstruc 
turecan be used to 


7 Anuclear-powered to travel thousands 
submarine with 
ballistic missiles is 
the world's deadliest 


weapon. Itisablo 


of kilometros without 
surfacing or retuel- 
ling. circulating 
continuous fresh air 


and are highly effective in coastal waters. The 
success of a Soviet-built missile FPB used by 
Egypt against an Israeli destroyer in 1967 
speeded up the introduction of similar 
weapons in larger ships, although light rapid- 
firing guns remain an effective defence 
against subsonic missiles. 


Surface propulsion 
Nuclear propulsion has been used in a few 
surface warships, but its extremely high cost 
and bulk offset many of its advantages. Only 
the American navy has shown any inclination 
to change from conventional forms of 
propulsion, Other navies, notably the British, 
have chosen gas turbine engines for their 
lightness and power, but these are frequently 
combined with diesel engines or steam tur 
bines for greater economy 

Despite the threat from submarines and 
aircraft, surface warships have proved adapt 
able and remain the main vessels of navies. 
Electronic counter-measures and computer- 
aided weapon systems give better defence 
than ever before, but the ideal naval force 
combines aircraft and surface ships. 


carry the more offic s 
vont "billboard" 

radar scanners, not 
usable in conven 
tional ships. The 
Enterprisecarries 
short-range super 
sonic anti-aircratt 
missiles for defance, 
Four lifts give 

access to the hangars. 
The United States has 
‘ordered the building 
of three similar 

types of carriers 


thanallthe bombs 
dropped in World War 
Il, and can be "pro- 
grammed” to hit 
almost any target. 


through a regenera 
tive system, Each 
Polaris type ot 
missile has more 
explosive power 


Warship profiles have 
remained remarkably 


constant since the 
days of HMS Drea 
nought |3), which was 
completed in 1906, 

Today’s guided missile 
destroyers |2], frigates 
14] and minesweepers 


al: 


{5} are similar to 
vessels designed at 
the turn of the century 
(though more rakish) 
and even nuclear 
powered ships like the 
USS Enterprise (1) 
and polaris sub- 
marines |6] retain the 


basic shapes of their 
predecessors. What 
has changed is fire 
power —a single 
missile trom a des 
troyer can hit as 
hard as a broadside 
from the biggest 
battleship of WWII. 


6 APolaris submarine 
uses missiles with 

a" memory” of their tar 
got [1]. has 16 missile 
tubes [2], pressure 
control [3], contro! 
panel [4], missile 
checkout [5] and 

fire control 
computer [6]. 
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Early military aircraft 


An Italian, Lieutenant Gavotti, is credited 
with dropping the first aerial bomb (on 
Turks, in Tripolitania, on 1 November 1911) 
and two Frenchmen, Sergeant Joseph Frantz 
and Corporal Quenault, with the first victory 
in aerial combat. On 5 October 1914, a bare 
11 years after the first successful flight by the 
Wright brothers, they shot down a German 
two-seater with a machine gun mounted on 
the nose of their Voisin III biplane. The 
Voisin, with its “pusher” propeller at the 
rear, offered a clear field of fire forwards. 

At the outbreak of World War I, the Ger- 
mans with 285 aircraft, and the French and 
British, with a total of 219, were fairly evenly 
matched. The aircraft were intended mainly 
for reconnaissance and though some pilots 
and observers, like Frantz and Quenault, car- 
ried weapons, it was not until the first months 
of 1915 that the air war became serious. In 
April of that year Roland Garros of the 
French Air Force fitted steel plates to the 
propeller of his Morane-Saulnier mono- 
plane. The plates deflected bullets fired 
through the propeller disc and for two weeks 
Garros was unbeatable. Then he forced 


Tho 9-cylinder Clerget 
fotary engine produced 
130hp and its torque 
enabled the Camol to turn 
Quickly to the right -and 
lod inexperienced pilots 
to snin on take-off, The 
propeller, through which 
twin synchronized 0'303in 
Vickers machine guns fired, 
was of laminated hard 
wood. The humped faiting 
over the guns earned the 
Camel ts nickname, The 
undercarriage was fixed 
was a skid, not 
a wheel, at the tal 


2 
Mo 8109 


The Me Bt1 09s basic arm: 
ament was two 13mm 
‘machine guns and three 
20mm cannon. 


Hoavy armament reduced 
top speed of the 109-06 to 
576km/h (359Mph) using a 


1.475hp Daimler Benz 608 
ASM 12-cylindor in-line 
inverted V angine. A 
powerful 30mm cannon 
fired along the hollow 
Brapelier shaft, 


570 


to land behind German lines. By this time, 
however, German engineers of the Fokker 
works had gone a step further and had 
developed an interrupter gear that 
synchronized the firing of the gun with the 
rotation of the propeller. Single-gunned 
Fokker Eindeckers fitted with the gear 
created a reign of terror on the Western 
Front for almost a year. By the summer of 
1917 fighters like the Sopwith Camel [1] had 
twin synchronized guns. 


Specialization 

Gradually, as aircraft were made more 
powerful and reliable, it became possible to 
design them for specific tasks. Fighters 
became manoeuvrable flying guns for 
attacking other fighters, bombers and ground 
targets. Reconnaissance machines carried 
not only an observer but also cameras and 
radio sets, Bombers grew in size until by the 
end of the war the newly formed Royal Air 
Force had bombs that weighed’ 1,500kg 
(3,300Ib) as well as aircraft — the Handley 
Page V/1500, successor to the 0/400 [3] - 
capable of bombing Berlin from airfields in 


the pilot sat well forward. 
Tho position of the open 
cockpit, between the reat 
centre-section struts, 
restricted his view, 
Instruments and controls 
ware simple ; the pilot 
had no armour plate to 
protect him and no para- 


The Camel, which was made 
of wooden box girders 
covered with fabric, had 
a deeper fuselage than its 
predecessor, the Pup, and 


England. Special torpedo carriers were in 
service, their crews rigorously trained to drop 
the 800kg (1,7641b) “tin fish” at exactly the 
correct height and speed. 


Between the wars 

There was little change in aircraft armament 
between 1918 and 1935. The fighter still car- 
ried two machine guns firing ahead through 
the propeller disc and the bomber was 
defended by the same two or three men who 
aimed their machine guns by hand. But there 
were dramatic changes in aircraft engineer- 
ing. Engines had to be improved so that they 
could run not for the 20 or 30 hours that had 
sufficed in 1918 but for hundreds of hours, 
without failure. Airframes became both 
lighter and stronger, the fabric-covered 
skeleton of spruce or stee! tubing gradually 
giving way to a monocoque (single shell) 
structure of light metal alloy. 

After 1930 the increasing power of 
engines and ceaseless competition to outfly 
potential rivals led to the gradual abandon- 
ment of the trusty wire-braced biplane, which 
seldom reached 322km/h (200mph), Instead, 


offensive in March 1918 
was one day. More than 
5,000 Camels were built 
and it was still in pro- 

duction at the Armistico. 


chute, and the dope 
coverod fabric could burn 
fiercely. The average set- 
vice lifetime of a fighter 
pilot during tho German 


Camels took part in early 
experiments of flying 
fighters off naval ships, 
Oneflown by Lt S. Culley 
shot down the last airship 
to be destroyed in aerial 
combat in World Wat | 


Optional armament was 
two 210mm rocket tubes 
and a 250kg (550Ib) or 

a 500kg (1,1001b) bomb. 


The B1109 had an all-metal 
monocoque construction 


aretractal 


ndercartiage, 


CONNECTIONS. 


See niso 


1 The Sopwith Camel, 
a British fighter 

of World War, 
accounted for 1,294 
enemy aircratt—a 
record for any type 

of aircraft inthe 

wi 

tary engine gave it a 
top speed of 182km/h 
(143mph). In 1918, 

a Camel, without guns, 
engine or instruments, 


engine fitted added 
about another £900. 
An interrupter gear 
prevented the bullets 
from the two guns hit- 
ting the propeller 


2 The Messerschmitt 
BT109G was one of the 
last versions of this 
renowned German 
fighter of World War 
|i, which was in pro. 
duction from 1935in 
many successively 
improved versions. 
Smaller than most 
Allied fighters, the 
109G hada top speed 
(inthe Mk 10 version) 
‘of 689km/h (428mph). 
Its narrow landing 
goar was unpopular 
with pilots and the 
slats to increase wing 
lift sometimes opened 
in combat, spoiling 
the pilot's aim. The 
cockpit was cramped 
andat high speed the 
ailerons, needed to 
roll the aircraft, 

were hard touse. But 
the guns of the Luft- 
waffe fighters were 
hard hitting and some 
Me109s were also equip 
ped with rockets, 
which could be fired 
at distant bombers. 


aircraft became monoplane, The retractable 
undercarriage made its appearance — the first 
military aircraft to have one was the Ameri- 
can Grumman FF-1 of 1933—and guns (up to 
eight in aircraft like the Spitfire) were located 
in the wings outside the propeller are. 


‘The spur of World War I 

Engines grew in power from 500hp in 1935 
to 1,000hp by 1939 and by 1944 a 2,500hp 
engine was not uncommon. This meant that 
aircraft could be heavier and faster. Both Bri- 
tain and the United States used bombers as 
strategic weapons. The aircraft were four- 
engined, carrying up to seven tonnes of 
bombs each and defended by power-driven 
gun turrets. The United States equipped 
them with turbo-charged engines that ena- 
bled aircraft like the B-29 Superfortress [4] 
to fly as high as 10,700m (35,000ft). German 
bombers, part of the Blitzkrieg (lightning 
war), were really close-support tactical 
machines. Shot out of the British daylight sky 
in 1940, they took to raiding by night. This 
spurred the development of large twin- 
engined night fighters equipped with radar 


Handley Page 0/400 


Superfortress’ 


Armament consisted ot 
ten 050in machine guns. 


The 11 crew members ota 
B-29 thew in pressurized 
compartments. There were 
bunks so that they could 
rest on fights of up to 
8,000km (5,000 miles), a 


galley anda toilet. The 
fircratt was the first to 
have remotely controlled 
guns. B-295 ended World 
War li by dropping atomic 
bombs in August 1945, 


Ocean patrol aircraft flew for 24 hours at 
a time, packed with new systems for detecting 
surface vessels and even submerged sub- 
marines, Reconnaissance aircraft brought 
back clear photographs taken from heights 
that ranged from 12,200m (40,000ft) to tree- 
top level. Specially built transports and 
gliders carried airborne forces and supplies, 
and naval combat aircraft were developed to 
operate from aircraft carriers. 

By 1945, one or two outstanding 
machines designed before 1939 still survived 
in improved forms, the two greatest being the 
Spitfire and Bf109 [2]. But the way to the 
future was being shown by dramatically new 
developments. In 1944 Messerschmitt intro- 
duced the bat-like Me 163 rocket interceptor 
and followed this with the formidable Me262 
twin jet which could carry four devastating 
30mm cannon as well as bombs. Entering 
service in the same week as the Me262, the 
British Meteor jet had only 20mm guns, but it 
was a much safer and more refined aircraft 
which began its combat career by destroying 
V1 flying bombs speeding towards London - 
the first operational missiles. 


Made of wood and/abric, War I. Theaircratt was 
like the Camel, the 

Handley Page 0/400 was 
introduced in 1918. It 
could carry sixtoon 50kg 
(1101) bombs or one 780 
kg (1.65010) bomb ~the 
heaviest dropped in World 


and its service ceiling 
2,890m (8,500ft). It 
Wwoighed 6 tonne 


four 2,200hp Wi 
engines th 
00-tonne aircra 


Powared by two 350hp Rolls 
Royce Eagle Vill 12-cylin: 
der engines. Its maximum 
speed was 156km/h (97 mph) 


KEY 


Boeing 747 “Jumbo” 


Even the large B-29 
Superfortress, the 
most highly devel 
oped of World War it 
bombers, is dwarted 
by a modern Boeing 
747 "Jumbo" jet air- 


All-metal construction 


B-29 Suportortoss j CE 


Me B1109 Saat 
Camel ly 


liner. Yet compared 
with the Handley 
0/400 of World 
the B-29 was 
rly four times 
asfast and could 
carry 12timesthe 


bomb load. Fighter 
development was 
equally dramatic, 
1945 aircraft flying 
uptosixtimes as 
fast as their World 
War! predecessors, 


3 The best British 
heavy bomber of 
World War | was the 
Handley Page 0/400, 
originally or 
by the Royal N: 
Air Servico. Its 
wings could fold to 
fitthe small canvas 
hangars of 1918 and 
itoperated from 
rough grass fields 


afew hundred metres 
across. With an 
The crow was three tofive endurance of 8 hours, 
mon, Twobombscould the 0/400 was used 


be carried undor tho tuse- 
and there was pro: 

n for fiva Lewis 

machino guns on bosta. 


against German cities 
in late 1918. After 

the war, some 0/4008, 
were used as pass- 
enger aircraft 


4 The Booing B-29 
Superfortress was by 
farthe most advanced 
bomber used in World 
War tl. First flown in 
September 1942, it 
was inaction over 
Japan little more 


than a year later 
Before dropping the 
atomic bombs that 
ended the war, B-29s 
dropped 1,500,000 
leaflets on Japanese 
cities, warning of 


Little Boy and Fat Man 
were atomic bombs 
dtopped on Japan, 


heavy raids to come 
Flying at 10,700m 
(35,000ft), the B-29 
was almost imp. 
sible to intercept and it 
was as fast as most 
Japanese fighters. 


Modern military aircraft 


The largest single advance in aircraft propul- 
sion was the invention of the jet engine. After 
World War TI, two main groups of aircraft 
design emerged; those with jets in traditional 
airframes and those with new types of air- 
frames that took better advantage of jet 
engines, By the outbreak of the Korean War 
in June 1950 Britain still had only obsoles- 
cent fighters, which were not as advanced as 
the Soviet MiG-15 [1] 

The MiG incorporated the results of war- 
time German research and had wings and tail 
swept back to delay the onset of shock waves 
at regions of local supersonic airflow. The 
plane could fly 160km/h (100mph) faster 
than “straight-winged" jets, The American 
F-86 Sabre, although not as fast as the MiG 
mastered the North Korean-piloted MiGs 
because it was better equipped and flown. 


Unpredictable development 

Radical design advances were being made at 
an accelerating rate, calling for expert judge- 
ment in ordering new military aircraft. Unex- 
pectedly, bombers of dramatic new design 
failed to enter service, whereas one that 


MIG-15 fighter Fences to smooth airtlow 


telania. | 
| 


id 


Divided engine 
air ducts 


L Pack of three cannon 
ono 37mm, two 23mm) 


2 The McDonnell 
Douglas F-15 Eagle 
is one of the most 
advanced fighters to 
enter service during 
the 1970s, It has 

a very broad wing 
of 56m’ (603 sq ft) 
area, a box-like 


1,000-round ammunition tank 


vertical 
Extremely powerful 
radar linked with 
‘computer presents 
information that 
the pilot ci 
instantly either on 
cockpit displays or 
in a "head-up” 
display (HUD) 

on the windscreen. 


Mot 20mn 


MeDonnell Douglas 
F-15 Eagle fighter 
APG-63 pulse- 
Doppler 


Variable geometry inlets 


Entra tank, missile or bomb 


seemed almost conventional — the British 
Canberra [3] - was made in large numbers in 
Britain and the United States. Used Can- 
berras were still in keen demand more than 
25 years after this aircraft's first flight in May 
1949. The Canberra had broad unswept 
wings for good performance and manoeuvra- 
bility at great heights, yet it was used mainly 
in low-level tactical roles for which its simp- 
licity, flexibility, low costs and short runway 
requirements made it particularly suitable. 
By the early 1950s the first supersonic 
military aircraft were being designed, This 
meant further major changes in aircraft 
design ~ smaller wing span, broader wings 
with thicker skins, greater body length, com- 
pletely rearranged packing of equipment, 
ejector seats, greater fuel capacity and weight 
and considerably more powerful engines with 
afterburners to boost thrust for supersonic 
flight. Some designers chose swept wings, 
some a triangular delta shape (with or 
without a horizontal tail), some a stubby 
unswept wing and a few the canard (tail-first) 
layout. In each the wing had to be extremely 
thin and so most or all the fuel had to be in 


Klimov Vk-1 turbojet 
‘engine (5,982 Ib thrust) y 


y 


tanks inside the ever-bigger fuselage. 
Increasingly bombs were carried externally, 
even in the large B-58 Hustler of the US Air 
Force which in 1957 flew at twice the speed 
of sound (Mach 2). Overloading with equip- 
ment could cause problems: the Starfighter 
crashed frequently when it went into service. 


Tactical requirements 

Until the mid-1950s it had seemed sensible 
to strive for greater speed and altitude. But it 
was gradually realized that improvements in 
surface-to-air missiles would make high- 
altitude flights risky and attack aircraft had to 
be redesigned or modified to fly as low as 
possible to try to escape radar detection and 
give defenders less warning. A new genera- 
tion of bombers was planned, some of them 
notable for variable-sweep wings that could 
be spread out for take-off, cruising flight and 
landing, yet folded sharply backwards for a 
low-level dash at high speed. The first such 
variable-geometry or “swing wing” aircraft 
was the American F-111 bomber (originally 
in production as a fighter). Later examples 
include the US Navy F-14 Tomcat, the Euro- 


Two Pratt and Whitney 
F100 engines (23,8101 
thrust) 


Hinged air brakes 


on each side 


Sparrow missile 


Pallets” housing 2.265k9, 


(5,0001b) of fuel (ECM) pod 


Electronic countermeasures 


CONNECTIONS 


See siso 
Early tary 
Holiegpters ana 


1 The MiG-15 was 
developed quickly 
because in 1946 the 
t 


British Governi 
exported its latest 
turbojet to the Soviet 
Union. Built hur 
riedly and flown on 
30 December 1947, 
the new fighter was 
neat, cheap and fast, 
reaching a top speed 
of 1,080km/h (670 
mph). Later, Russian 
engines were used. 
More than 15,000 


fighters and trainers 
were constructed, 


pean MRCA and the large B-I strategic 
bomber [4] planned for the US Air Force. 
In contrast some pure interceptors of the 
1970s have seemingly old-fashioned fixed 
wings. as typified by the MiG-25 and its 
Western rival the F-15 [2]. Here the prime 
needs are tremendous engine power and a 
large wing area, for outstanding manoeuvea 
bility. In 1955 fixed guns were considered 
obsolete and fighters became equippped with 
air-to-air guided missiles, But all new fighters 
now have guns for close-range dog-fighting 
(feasible only at much less than the speed of 
sound) as well as special close-range missiles. 


Aircraft radar systems 

Dramatic advances have been made in radars 
and infra-red and other systems for gaining a 
detailed picture of the whole battle scene 
But several recent tactical aircraft, such as 
the US Air Force A-10, have no target- 
seeking radar and rely mainly on the pilot's 
eyesight to attack targets; again surprisingly. 
they are no faster than World War I aircraft, 
although they can carry an external weapon 
load of 7.270kg (16,0001b). In a class of its 


3 BAC Cando 
bomber 


Two Rolly: Royce Avon 
engines (7.4000 inrust) 


4 The Rockwell In- 
ternational B-1, the 
only strategic 
bomber built outside 
the Soviet Union 

in the 1970's, had 
swing wings. The 
airframe could take 


intemal weapon load 


the heaviest loads of 34 tonnes of bombs i 
tuel and weapons three bays or 24 1-10 
ever carried by SRAM mi 

combat aircratt. its 


‘speed at high 
altitudes was about 
Mach 1.6, Combat 
missions flown at 
1,200km/n (750mph) 
would rely on decoy 
and countermeasure 
systems for 
protection 


48-1 strategie bomber 


Fourman crew 


Power- anven vanes 
10 convoi turbulenco 


=e mun 


own, the British-developed Harrier V/STOL 
(vertical or short take-off and landing) has a 
unique tactical role as it can carry weapons or 
reconnaissance gear out of a forest clearing 
or off the deck of a small ship 

In anti-submarine warfare the task is to 
pack inside one aircraft a versatile array of 
sensing systems for detecting a submerged 
submarine and weapons for destroying it 
The aircraft may be a large land-based jet, a 
carrier-based aeroplane with folding wings or 
an amphibious helicopter. Modern anti- 
submarine aircraft, bombers and military 
transports are increasingly being designed for 
instant readiness and the ability to use short 
unpaved airstrips, Helicopters include 
heavy-load carriers lifting up to 40 tonnes 
and attack helicopters. 

A major factor with modern military air- 
craft is their astronomic cost. The Soviet 
Union and United States build such large 
numbers that the price can be kept down 
Other nations have increasingly to colla- 
borate on joint projects or buy from one of 
these two superpowers to equip their air 
forces with the most advanced craft. 


Main tuel tanks 


Boeing 747 “Jumbo 


8-1 strategic bomber 


Metionneli Douglas F ee ar 


Military aircraft 

tend to be smaller 
than civil transports, 

ly because the den 
sity of weapons and 
other military loads 

is very much higher 
than that of passengers 


and commercial car- 
go. Here the B-1 and 
Canberra bombers 
and the F-15 Eagle 
and MIG-15 fighters, 
are compared with 
a Boeing 747 “Jum- 
bo”. Four-engined 


Guns under fuselage 


Rotary dispenser with 
eight 1-tonne SRAM 


Eight 1 tonne SRAM missiles 
_ hung on pylons externally 


MIG-15 fighter 


heavy bombers of 
World War II we 
bout the same length 
the Canberra 
and F-15 but it seems 
likely that future 
combat aircraft will 
be generally smai 


3 The BAC Can- 
berra (originally Eng- 
lish Electric) was one 
of the first jet born 
bers and is still bought 
by many air forces. 
This version has a 
pilot offset to the 

loft under a fighter- 
type canopy with 


nose and a battery 

of cannon under the 
belly. Other versions 
have a broad canopy, 
often with dual 

pilot controls, and 

the navigator in a 
third seat behind. 
Designed originally to 
bomb trom 15,000m 
150,000ft), Can- 
borras now operate 
mainly at low | 


Four General Electric 
YFIOT engines 
130,0001 thrust) 


675° swoop 


15" sweep 


<3 


Nuclear, chemical and biological warfare 


The nuclear bomb was born at the end of the 
most destructive war the world has known. 
The very first nuclear bomb, exploded in 
1945, illustrated the awesome power of the 
new weapon; it was 2,000 times more pow- 
erful than any bomb used during the entire 
war in Europe. Since then, the power of the 
bomb [5, 6] has increased by another 3,000 
times; the largest ever detonated, by the 
USSR in 1961, was equivalent to almost 60 
million tonnes of TNT 

The first nuclear bomb dropped in a war, 
on 6 August 1945, killed 75,000 people 
Hiroshima, Japan [1, 2], destroyed 62,000 
out of 90,000 buildings, created a firestorm 
that lasted for six hours and burned out an 
area of 10.5 square kilometres (4 square 
miles). It was equivalent to 20,000 tonnes of 
TNT. Today the United States and the Soviet 
Union each has an armoury able to destroy 
more than 100,000 Hiroshimas [3, 4] 


Atomic and hydrogen bombs 
The first nuclear bombs derived their energy 
from fission — the splitting of the nuclei of cer- 
tain uranium atoms (plutonium can also be 


used). When the atoms split the mass of the 
fragments produced is slightly less than the 
mass of the original heavy atoms and the 
difference in mass appears directly as energy 
according to Einstein's famous equation 
E= me?. The trigger that sparks off nuclear 
fission is a collision between the nucleus and 
a sub-atomic particle called a neutron, And 
for each uranium atom that splits, three more 
neutrons are produced, As long as the lump 
of uranium is big enough (larger than the 
“critical mass”), these neutrons go on to split 
more atoms, producing a chain reaction. In a 
piece of uranium of less than the critical mass 
the neutrons escape and fission stops. 

The Italian physicist Enrico Fermi 
(1901-54) had recognized the possibility of a 
chain reaction in the late 1930s. In 1939 
Albert Einstein (1879-1955) described the 
military application to the American presi- 
dent, Franklin D. Roosevelt (1882-1945) 
and within a year money was made available 
for atomic research. In December 1942 
Fermi and his co-workers produced the first 
chain reaction in a primitive nuclear reactor 
at Chicago University. The first atomic 


1 Atomic bombs, 1 
known as Little Boy 
IA] and Fat Man [B], 
were dropped by the 
United States on 
Hiroshima and Nag- 
asaki, Japan, in 1945. 
For a nuclear chain 
reaction to lead to an 
explosion the “critical 
mass” of the fis- 

le material must 
always be exceeded, 
An explosion forces 
a small piece of 
‘material [1] into a 
large, slightly 
sub-critical mass [2] 
to give a fissile 

lump [3]. The map of 
Hiroshima [C] shows 
the extent of the 
damage. At “ground 
zero" [4], directly 
beneath the explosion, 
everything was vapor- 
ized, All buildings 
were destroyed in [5] 
and the severe blast in 
[6] damaged every: 
thing. The bombings 
horrified mankind. 


3 Pad test launch of 
a Trident missile. 
Among the ballisti 
missiles of the US: 
submarine-based 
Tridents are replacing 
Polaris and Poseidon. 
Minuteman is being 
replaced by MX. 
USSR's Savage is 
being replaced by the 
later-generation SS- 
18 and 19 and the 
shorter range SS-20. 
Their submarine SS: 
N6, still in service in 
1981, is being 
replaced by later 
generation missiles 
SSNX-17 and 18. The 
SSN-18 is replacing 
the SSN-8 


4 Nuclear weapons a 
assigned to the 

strategic forces of 
USA, USSR, China, 


— Submarine missiles 
+} Long-range: 
Mid-range bombers 


explosion took place at Alamogordo, New 
Mexico, in July 1945 and three weeks later 
Hiroshima was bombed. 

The discovery of atomic energy was yet 
another example, common in the history of 
science, of a discovery that could be turned 
into a weapon of war. But so terrible was this 
weapon that even the man who was largely 
responsible for its development ~ J. Robert 
Oppenheimer (1904-67) ~ spoke publicly 
against its use, and he was replaced as a gov 
ernment adviser. 

Only two isotopes of uranium and 
plutonium are suitable for making bombs 
uranium-235 and plutonium-239, Neither 
occurs naturally in a form from which it can 
readily be made into a bomb, Uranium-235 
does occur in ores but it makes up only a 
small part of the total (0.7 per cent of the 
uranium). Expensive enrichment plant is 
needed to make a bomb from it 

‘The fission or atomic bomb was suc- 
ceeded in the 1950s by the fusion or hyd- 
rogen bomb. This uses a fission explosion to 
trigger a fusion reaction in which isotopes 
of light hydrogen fuse to form heavier 


2 The ruins of Hiro- 
Shima, photographed 
after the atomic bomb 
blast, show the com- 


followed. People 
who survived the 
blast and the fire 


plete devastation. were exposed to 
Hardly any buildings intense radiation, and 
remain standing, for many subsequently 


those that survived 
the initial blast 
were destroyed in 


died of radiation 
sickness or other 
longer-term effects. 


bombers 
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Unlike a fusion 
(hydrogen) bomb an 
atomic bomb pro: 
duces no significant 
fallout of airborne, 
radioactive materi 
downwind of the site 
of the explosion 

An atomic bomb 

is limited in size 


Britain and France in 
1981, Each symbol -= 
represents 50 
weapons. The figures 
for land-based 
missiles include 
intermediate range 
weapons. 


1945 1950 


1955 1980 1965 1970 
T T 


tested 


tested 


First Hebomb 


Development 
First A-bomb 


elements. In the process mass is “lostand 
converted into energy. A fusion bomb is 
more destructive than a fission bomb 


Chemical weapons and their effects 
Chemical warfare has been used in a major 
war only once — during World War I, when 
gas was used by both sides to poison enemy 
troops in the trenches [Key]. Since 1925 
chemical warfare has been banned 

The most potent anti-personnel weapons 
in the chemical arsenal are nerve gases, first 
developed in Germany during World War IL 
Three such gases were developed, all deriva- 
tives of phosphine oxide; they were given the 
names Tabun, Sarin and Soman. If deposited 
as small drops on the skin they penetrate 
without blistering or irritation and act by 
inhibiting the action of an enzyme, cholines- 
terase, essential for muscle control. Death 
follows in as little as a minute or, in some 
cases, as much as an hour. The lethal dose for 
an adult is about 0.7 milligrams (about a 
forty-thousandth of an ounce). 

In addition to nerve gases there are incen: 
diaries such as napalm and white phosphorus 
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SAn 
atomic bomb first |A) 
forms afireball |1) at afm 


millions of degrees 
and gives out radia 
tion [2]. Within a few 
seconds |B] it 
expands and creates 
a high-pressure 
shock wave (3). The 


fireball rises [C]. 
sucking up dust and 
rubble to form the 
familiar shape of a 
mushroom cloud [D] 


8 In Vietnam the 
ietcong sought 
shelter under the 
torest canopy for 
their men, machines 
and supply lines. 
Their American 
opponents removed 
this natural cover 

by stripping the 

leaves off the trees 
with defoliants 


7 White phosphorus, 
packed round an 
explosive charge, is 
a horrific incendiary 
material, Dropped in 
cannister “bombs” 
from high-speed 
aircratt, it spreads and 
sticks to anything it 
touches, causing 
appalling burns. 


[7]. “conventional” poison gases such as hyd. 
rogen cyanide, choking g such as 
phosgene and defoliant chemicals that can be 
used against crops to create famine or against 
trees to destroy ground cover [8]. A further 
Possibility is the use of incapacitating agents 
designed not to kill but merely to produce 
temporary mental disorder in the victim, 


ases 


Biological warfare: the ultimate weapor 
Biological or germ warfare has never been 
used in human conflict although America was 
falsely accused of doing so in Korea, Like 
chemical warfare it has been the subject of 
intense development. During World War IL 
for instance, the United States perfected a 
means of isolating botulinus toxin, the 
natural product of a bacterium so toxic that 
500gm (about Lb) of the most toxic variety 
properly dispersed, could extinguish all life 
There are growing doubts that the 
theoretical efficiencies of biological warfare 
could be achieved in practice and in 1972 it 
was agreed by convention to ban the produc- 
tion or use of biological weapons. Research, 
purportedly for defence. continues, 


Gas was introduced 


yellow-green cloud), 
the poisonous 
phosgene and the 
blinding mustard gas 
An unreliable weapon, 
gas could rebound on 
the attacker if the 
wind changed. The 
only defence was to 
equip every soldier 


with a gas mask 
that absorbed the 
gas and allowed the 
wearer to breathe 
non-poisonous air. 
Lingering effects 
of gas poisoning 
are among the 
worst of all man 
inflicted diseases 


as a Weapon during 
World War | and used 
by both the Allies 
and Germany. Gases 
employed included 
the poisonous 
choking chlorine 
(which revealed its 
presence asa 


6 The atomic fireball 6 Cj 


) ®© 
as it expands sets 3 y 


up a powerful convee: 


tion current [1], giving 
off heat radiation [2] 
and forming a cloud 
[3], With a 15 mega: 
tonne bomb, blast 
damage to buildings is 
total [4] within 8km (5 
miles), severe [5] with 
in 15km (9 miles) and 
noticeable [7] at 30km 
(19 miles). Even 20km 
{12 mites) away (6) all 
inflammable material 
bursts into flame. Up 


to two days after the 
explosion of a 

15 megatonne bomb, 
fallout [8] con. 

tinues at radiation 
doses of 300r (roent 
gen) at 300km (186 
miles) from the blast 


OOO” 


sprayed from aircraft 
Similar chemicals 
can be sprayed on an 
enemy's crops, 
destroying his food 
supply and reducing 
the civilian pop- 
ulation, and the 
armed forces, to 
likely famine. Most 
defoliants affect 
trees for one season, 


The Jaguar. 


Chemical engineering 


Research chemists at their laboratory ben- 
ches develop new products, generally using 
only glass apparatus. A new product is made 
in the laboratory in gramme quantities, but if 
it isto sell in the open market the makers may 
well have to sell tonnes ~ for well-developed 
commodities such as plastics or fertilizers, up 
to millions of tonnes a year. It is this scaling- 
up from laboratory to factory that is the 
basis of chemical engineering 


The chemical plant 
The processes in chemical engineering are 
often basically only refined versions of 
activities that take place in the kitchen. But 
chemical engineering is an exact science 
devoted to designing, building and operating 
equipment on an industrial scale in the spe- 
cial kind of factory known as a chemical 
plant. Yet the process need not literally be a 
chemical process. Chemical engineers design 
plant for physical processes such as evapora- 
tion, distillation, liquefaction and filtration, 
as well as for processes that involve a change 
of chemical composition. 

The design of chemical plant and equip- 


1 The key elements 
in plant fertilizer 
are nitrogen, phos 
phorus and potassium, 
The basic processes, 
therefore, in a factory 
making fertilizers [A] 
are extracting nitro 
gen from the air and 
phosphorus and pot 
assium from natural 
minerals, and combin- 
ing these elements 
(sometimes individ 
ually, sometimes 
jointly) into soluble 
chemical compounds 
which are then used 
to feed plants. On a 
world scale this de- 


mands manufacture 
of tens of millions of 
tonnes of fertilizer 
chemicals, A chemical 
engineer designs and 
operates processes 
[B] to obtain the 
necessary compounds. 
He extracts nitrogen 
from the air and hy- 
drogen from natural 
gas or water. He then 
combines the two by 
“fixing” the nitrogen 
as ammonia [1]; part 
of this is converted 

to nitric acid |2] 
which reacts with 
more of the ammonia 
toform ammonium 
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ment is a separate and distinct discipline, 
although it overlaps with several others. The 
task is best done not by a team containing 
both chemists and mechanical engineers but 
by teams of engineers who have appropriate 
individual skills. They need to know, for 
instance, how large a vessel should be for 
“cracking” naphtha from petroleum to 
change it to ethylene and propylene (which 
be converted to plastics, detergents 
leaning fluids). What should it be 
made of? How much power is needed for 
pumping, how much heating and cooling? 
Will the immediate products be separated by 
distilling them? It is practical questions such 
as these that are the stuff of engineering, but 
in this case they are applied to changing 
materials in both composition and form 

The foundation of the discipline of chem- 
ical engineering lies in chemistry, physics and 
mathematics, Its operation is based on inter: 
weaving these with the knowledge gained 
from older branches of engineering, as well as 
assessing the economies of processes. Chem- 
ical engineers often use computers for asses- 
sing design and operational factors [5] 


nitrate [3], The pot 
sium compound, prob: 
ably syivite [4] (pot: 
assium chloride), may 
be used directly. 
Sulphur [5] is con- 
verted into sulphuric 
acid [6], which is 
reacted with natural 
phosphate rock |7} 

to produce phosphoric 
acid (8). With ammon- 
this yields di 
ammonium phosphate 
[9]. The three "NPK 
compounds are 
then mixed and gran 
ulated [10], dried [11], 
coated [12] and 
packed [13] for market, 


Many chemical engineers are employed 
in the chemical industries, where their skills 
have contributed to an exceptionally high 
growth record. They also work in oil refin- 
ing, atomic energy, gas and coal industries 


From theory into practice 
The important basic idea of chemical 
engineering is that processes used for pro- 
ducing quite diverse chemicals -for example, 
acids, dyes or drugs ~ can be considered as a 
series of “unit operations”. These unit opera- 
tions are the same whatever the detailed 
nature of the material being processed. 
Consequently a common body of theory can 
be applied to a range of process industries 
Unit operations include distilling, fil 
tering, mixing, crushing and crystallizing. It is 
even possible to unify the theory further 
Many of the operations can be considered as 
examples of the study of how fluids flow, how 
heat is transferred or how material is trans- 
ferred through surfaces (mass transfer). Thus 
what is learnt about mass transfer can be 
applied to unit operations for absorbing 
gases, leaching soluble materials out of 


CONNECTIONS 


NPK 
lertshzor 


solids, or crystallizing dissolved substances. 
The chemical engineer must also take into 
consideration what will happen when he 
scales up” the quantities [3], Sometimes a 
different reaction takes place in a big tank 
from that in a small beaker where the rea 
gents have only a short way to travel before 
Meeting. Stirring the contents of the beaker 
brings them quickly into contact and heat can 
readily reach all pa as rapidly 
removed. When ammonium di-uranate is 
produced in the laboratory by reacting the 
nitrate with ammonia, for example, it 
Precipitates almost immediately. With 
tonnes of solution in a large tank precipita: 
tion may take several hours because the prac 
tical speed of reaction depends on the rate at 
which pumps can operate and stir the liquid 
As another example, nitrobenzene is made in 
the laboratory in a round glass flask which 
can be immersed in water to remove heat. On 
a large scale engincers use a different form of 


ts or be 


vessel to provide enough surface arca to 
remove heat at a reasonable rate 
made not of glass but of metal 


and it is 


Fvaporating a liquid in the laboratory 


2 In one type of 
‘evaporator heat is 
transferred from a 
heating medium |1] 
(often steam) to a 
liquid [2]. The two 
are kept apart by 
partitions made of 
metal or sometimes 
carbon, The liquid 
circulates through 
tubes [3] and is 
heated to give off 

a vapour [4]. The 
loss of solvent con 
centrates the liquid 
which is discharged 
[5] at the botto! 

of the evaporator 

The cooled heating 
medium [6] is removed 


2 


may be carried out in a glass vessel over an 
open flame (if the liquid is not inflammable) 
But the enginec:ing operation needs large 
metal vessels vith laige amounts of surface 
area to promote efficient transfer of heat be 
tween the source and the liquid to be evapo: 
rated. Similarly mixing is transformed from 
stirring with a glass rod in a beaker to a major 
engineering operation in large metal vessels 
with motor-driven paddles with elaborate 
blades. Thus the study of materials for 
making apparatus (and their fabrication) and 
of the laws governing change of scale are 
important parts of this branch of engineering 


Biochemical engineering 

Applied to biological processes or materials 
the discipline of chemical engineering is 
called biochemical engineering. An impor 

tant area of this work has been the growing of 
food proteins on petroleum products to pro: 

duce animal feed. Specially selected bacte 
ria react with methanol to produce proteins. 
Work is now going on to alter the genetic 
structure of bacteria (clone them) to make 
chemicals and drugs on an industrial scale 


3 The operations of 
chemical engineering 
are essentially 
‘aled-up versions of 
operations in the 
chemical laboratory, 
although on a larger 
scale the equipment 
and utensils may look 
completely different 


Š r 
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5 Computers a 
tensively used in 
chemical engineering 
for solving design 
problems and for con- 
trolling operations 
The basic relation. 
ships of a process 
may be investigated 
by the computer and 
corrective action can 
be applied if some 
measured quant 

ity in any part of 

the plant (eg temper 
ature, pressure, vie 
cosity or composition) 
deviates from require- 
ments and would 
otherwise result in re 
duced yield or in 
poor quality of 

the final product 


The crowning achieve- 
ment of a chemical 
eor's work ie 
‘ory where 
chemical products 
such as nylon are 
made. Chemical en. 
gineering serves a 
modern group of in 
dustries rich in 
challenges because 


4 To make sulphuric 
acid, liquid sulphur 
is blown [1] into a 
burner [3], also fed 
with air [2], forming 
sulphur dioxide, Ti 
passes through the 


filter [4] to the 
cooling tower [5]. In 
the washing tower [6] 


the processes tend to 
change more quickly 
than in most other 
industries. Many of 
the products help to 
make life more con: 
venient. Working in 
close collaboration 
with chemists and 
other specialist en: 
Gineers, chemical 


it is washed with 
water then dried in 
a packed tower (7) of 
Raschig rings by 
means of 98% sul 
phuric acid entering 
at Band leaving at 

9. In the converter 
110] the dry sulphur 
dioxide reacts with 


engineers choose 
the process, choose 
or design the plant 
help in its construc 
tion and, after start 
ing the process, 
control its oper 

ation to give the most 
economic results, 

as either technical 

or general managers. 


oxygen [11], is 
cooled |12) and the 
resultant sulphur tri- 
oxide is absorbed in 
98% sulphuric acid 
[13] to yield oleum [14] 
This is diluted (15) 
with sulphuric acid 
[16] to produce 98% 
sulphuric acid |17] 
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Soaps and detergents 


Man has been using various kinds of clean- 
sing agents for thousands of years, because 
water itself does not readily get rid of dirt and 
grease, as our ancestors discovered early on 
Water is not a good “wetter” because of its 
high surface tension, which causes it to run 
off a greasy area or to stay there without 
penetrating it. Only when some cleansing 
agent that lowers surface tension is added. 
can water penetrate to remove grease [5] 
The Babylonians added alkaline plant ash 
(potash) to water. Other primitive cleansers 
were fuller's earth (a type of fine clay which 
easily absorbs impurities from oil and fat), 
soap berries (tree fruits containing a soapy 
substance called saponin), and the sap of the 
soapwort plant. Soap itself was probably first 
made in the Nile valley and about 600 BC 
Phoenician seamen carried the knowledge to 
the Mediterranean coasts. In the first century 
AD the best soap was made from goats’ fat 
and beechwood ashes. Animal fat and wood 
ash remained the raw materials for centuries. 
Nowadays, manufacturing materials for 
keeping clean is a major industry and soaps 
and detergents are used in most homes [Key] 


3 Synthetic deter- 
gents are a mixture 
of various ingredi- 
ents, the chief of 
whichis the cleans 
ing agent, or sur 
factant. Acommon 
surfactant has the 
chemical name sod: 
jum dodecylbenzene- 


sulphonate. Itis 
made from petroleum 
products and hasthe 
molecular structure 
‘shown, Much dirt is 
held on clothing by 
greasy substances. 
The long tail (the 
dodecyl part) of the 
surfactant molecule 


Acid ahtylate 
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Soap-making was a small domestic 
industry until the end of the eighteenth cen- 
tury when a number of changes took place 
[2]; In 1787 it was discovered that the alkali 
caustic soda could be made from common 
salt ~ a plentiful raw material - so manufac 
turers were no longer dependent on plant 
ashes. Vegetable oils such as olive oil had 
been used in soap-making by the Spaniards 
as early as AD 700 and now others became 
more easily available from countries outside 
Europe. Coconut oil, palm oil, sesame oil and 
soya-bean oil were imported from Africa, 
South-East Asia and China and by 1900 we: 
replacing animal fats, which were in short 
supply, Social changes in the nineteenth cen- 
tury had led to an increased demand for soap 
and production in Britain rose from 90,000 
tonnes in 1853 to 300,000 tonnes by 1900. 


Modern soap-making 
The treatment of oil or fat with alkali 
(saponification) is the first stage in the 


manufacture of all types of “washing 
[4]. This reaction produces sodium salts of 
stearic, palmitic acids. After 


soap 


and oleic 


1 Womenin primitive 2 
Societies still clean 
their clothes by 
beating them with 
rocks in the nearest 
stream. This method 
works but shortens 
the lite of the 
clothes and is hard 
work for the women, 


2 Early soap-making 
was done in open 

pans where lye (crude 
sodium hydroxide) 
made trom plant ash 
and limestone were 
heated with animal 
fats. The soap formed 
crust on cooling and 
could be skimmed off. 


‘onic head (the sul- 
phonate part) dis- 
solves in water, The 
two types of deter 
gent manufacture 
shown use common 
hydrocarbon 
starting materials. 


NaOH 


4 Modern soap-mak- 
ing methods [A] follow 
ancient principles, 
Fat and alkali are 
saponified producing 
soap and glycerol 
Today's equipment 
allowsthe process 
tobe completed in 
15 minutes instead 
of several days. [B] 
Fats and oils [2] are 
reacted with water 
under high tempera- 
ture and pressure [1} 
[C] Alkali (3) is 
added to the result 
ing mixture of fatty 
acids to produce 
soap [4]. [D] The soap 
still contains 
glycerol [5] which 
iswashed out [E] 


saponification the soap contains about 30 per 
cent water — for making the more dense toilet 
soaps this has to be reduced to about 12 per 
cent. Then various refinements such as per- 
fumes, preservatives, whiteners or colouring 
materials and, sometimes, germicides (for 
medicated soaps) are added and thoroughly 
mixed. The molten soap is then cooled and 
cut to size ~ abrasives are added if scouring 
soap is wanted. 

Soap flakes are produced by spreading 
the molten soap over water-cooled drums 
and producing ribbons of soap which are 
rolled progressively thinner and then broken 
into flakes. Soap powders normally contain 
silicates and phosphates which are added to 
the liquid soap - the resultant slush is 
superheated under pressure and sprayed into 
the top of a tower. As the droplets fall they 
solidify to give the familiar soap powder 

Not all soaps are soda based, Some made 
with caustic potash are used in liquid soaps 
and shaving cream and other types are used 
in textile finishing, as lubricants, in the 
cosmetics and pharmaceutical industry, in 
polishes and in emulsion paints. 


using brine, andthe 
salt solution is sep: 
arated from the 
soap ina centri 
fugal extractor, 
which works like a 
spin dryer. Any fatty 
acid then left is 
neutralized with 
alkali and salt and 
again separated ina 
centrifuge. The 
molten soapis then 
poured into mixing 
machines which blend 
in other ingredients 
such as perfumes. 
softeners, germi 
cides and colour. It o— 
isthen ready for 

shaping into hard 

soap, toilet soap, 

flakes or powder, 


CONNECTIONS: 


See 


However, soaps have a number of disad- 
vantages as cleansing agents. They do not 
work in even slightly acid water, which is why 
various alkaline substances — carbonates, 
phosphates and silicates - are added to 
household soaps. And, most important, they 
do not work well in hard water. The soap 
reacts with calcium and magnesium salts to 
form the familiar insoluble “scum” which 
leaves rings on bathtubs or a whitish film on 
glassware, Moreover, the availability of the 
raw materials (oils and fat) for making soap 
varies unpredictably. For these reasons 
manufacturers began looking, in the late 
1940s, for a new type of synthetic detergent 
that would overcome these problems. 


Synthetic detergents 

The first synthetic detergents to be made on a 
large scale were based on products of the 
distillation of crude oil ~ at that time a cheap 
and readily available raw material. By the 
1950s detergents based on the synthetic 
chemical alkylbenzenesulphonic acid (ABS) 
had captured more than 50 per cent of the 
fabric washing market 


But early ABS detergents had an impor- 
tant defect. They contained branched chain 
molecules that made them biologically 
“hard”, or non-degradable, which meant 
that they were not easily broken down by the 
bacteria in sewage treatment plants. These 
detergents were replaced by degradable 
detergents (linear alkyl sulphonates, LAS). 


Threat to the environment 

However, even the biodegradable detergents 
are not free from faults. In addition to the 
LAS, which is the cleansing agent or surfac- 
tant, many other substances are added, such 
as builders, bleaches, conditioners, optical 
brighteners and enzymes. A builder prevents 
the formation of insoluble compounds in 
hard water. A typical one is sodium 
tripolyphosphate, which breaks down into 
phosphates and can lead to an excess growth 
of algae and other water plants in rivers and 
lakes [6]. In the 1970s a search began for a 
replacement for these phosphates. Several 
alternatives were developed, but all proved 
to have worse side-effects than the phos- 
phates they were intended to replace. 


KEY 
Cleansing agents 
such as soaps and 


are widely used 
inmodern homes. 


powdered or liquid 
synthetic detergents 


1960 1967 1968 1969 


6 The cleanser market 
needed for washing has been dominated 
becausewaterisnot by deterg 
agoodwetter. Deter- World War II [F]. They 
gents solve this are good cleansers 
Problem.Oneendis  butcan damage the 
water-attracted (hyd- environment. Surfac- 
rophilic); the other tants [yellow], phos: 
dissolves in oils phates [mauve] and 
(hydrophobic, orwater perborates [red] [A] 
repellent). Sodium pass unchanged 
dodecylbenzenesulph- through sewage works 
onate [1] isa syn- [B] to rivers where 
theticdetergent with the surfactant foam |C] 
ahydrophilichead kills birds and fish 
[2landhydrophobic Phosphates promote 
tail. The detergent (3) algae [D] which ab- 

is added to water sorb the water's oxy- 
andthe dirty mater- gen and suffocate fish, 
{al [4], The hydro: [E] Perborates poison 
phobic tails stick sewage bacteria 

into the grease [5], 
while the hydrophilic 
heads repel each 
other. forcing dirt 
and grease upinto 
the water [6]. Dirt 
particles [7] do not 
Feturnto the cleaned 
material because both 
material and dirt 

now have the same which then 
electriccharge became waterlog- 
andrepeleachother, ged, causing drowning 


7 Foaming rivers in 
the 1950s were caused 
by non-biodegradable 
detergents. The foam 
prevented oxygen get- 
ting to water, and 

fish died, It aiso 
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Fireworks and explosives 


An explosive is a substance that can undergo 
a rapid chemical reaction to produce a large 
volume of gas, At the instant the gas is 
formed it occupies the same volume as the 
explosive and is at an extremely high 
pressure. The pressure is increased by the 
generation of heat from the reaction and the 
rapid expansion which follows moves the sur- 
rounding matter. This is an explosion. 

There are two main types of explosives: 
comparatively slow-burning propellants and 
fast-burning types used for their destructive 
effect in both military and peaceful opera- 
tions. In quarrying for building stone, a low- 
power explosive is necessary to avoid shat- 
tering the stone, whereas in mining a high- 
power explosive is used to break the mineral 
into the most suitable-sized pieces [3] 

Demolition bombs and mines are 
designed to exert the maximum blast effect 
and fragmentation bombs and some types of 
hand grenades have cases that break into 
many pieces at or above ground level to cause 
the maximum number of casualties [4], Some 
shells contain an explosive charge that is 
fused to detonate at a predetermined time 


@ 


3 In blasting, a hole 3 
is drilled for the 
harge, its depth and 
ize depending on 
the type of rock, 
the explosive used 
and the purpose. 
The detonation 
shock wan 
be produced rad: 
ially, in all direc 
tions, with the 
greatest force at 
the centre of the explo 
ion. Low-power 
explosives are used for 
quarrying building 
stone to avoid shat. 
tering, but for other 
stones blasting gela. 
tine or dynamite 
used. Varying grades 
of high explosive 
ble, depending 
on the hardness of 
the rock and the 
depth of hole. Char 
ges are fired by 
detonator exploded 
by safety or electric 
fuse. Large-sc 
blasting is sometimes 
used for major 
‘excavation work. 
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after the projectile has left the gun, asin “sky 
bursts”. These charges cannot be exploded 
by the shock of the propellant charge 

Peaceful uses of this power include explo- 
sive forming, in which a shock wave from a 
small charge of high explosive causes a metal 
sheet to take the shape of a mould or welds 
two pieces of metal together. 

The manufacture of explosives is under 
strict government control. “Home-made” 
explosives can be particularly sensitive to 
shock and are illegal and dangerous. 


The development of gunpowder 
The first and for hundreds of years the most 
effective explosive propellant was gun- 
powder. It was known to the ancient Chinese 
and was introduced to Europe by the Arabs. 
In the 1200s it was first used as a propellant 
for the gun, the principle of which the Arabs 
had helped to develop. The design and 
development of firearms was to be closely 
linked with the quality of the “black 
powder", as it was then known. 

Gunpowder is made by mixing potassium 
nitrate with carbon and sulphur. The mixture 


1 Small arms ammu- 


nition includes a 
(2) rifle cartridge [A], 
3) 


ing bullet having a 
steel core [1], a 
lead-antimony sleeve 
[2] and stoel env 
lope [3]; ordinary ball 
cartridge [B] with 
lead bullet [4] and steel 
envelope [5] for anti- 
personnel use; [C] 
tracer bullet used 
to correct machine. 
gun aiming ~ the pri 
mer [6] ignites 


standard pistol 
cartridge and [E] a 
pistol blank with 

felt wadding [8] in 
place of the bullet; 

ÍF] large armour 
piercing bullet; and 
[G] primer assembly, 
The primer [9] is 
ignited by the cap [10] 
hitting the anvil 

111), whi 
the charge [12]. 


is moistened to prevent spontaneous ignition 
and the paste is milled to reduce the particle 
size. The “cake” formed after drying is 
broken into grains of various sizes, Large 
grains are slow burning and give a relatively 
long, slow push to a projectile. This was ideal 
for a cannon-ball but a shell or bullet in a 
rifled barrel needed the faster burning 
properties of small grains. 

Cordite, a superior smokeless powder, 
replaced gunpowder as a military propellant 
in the late 1800s. It contains nitroglycerine 
(glyceryl trinitrate) and nitrocellulose (gun- 
cotton) with a small amount of mineral jelly 
Manufactured as a paste, using acetone as a 
solvent, it is kneaded into stiff dough and 
extruded into rods or cords, hence its name. 
The cords are then cut into suitable lengths 
and the acetone evaporated 

High explosives are generally based on 
organic nitro compounds and are detonated 
(“set off") by a violent shock, such as the 
explosion of an adjacent charge — a cap or 
detonator ~ or a mechanical blow - for 
example, the firing pin of a pistol or a rifle 
High explosives yield stable decomposition 


2A e 


Connections 


2 The Grand Siam 
IA], a 10-tonne aircratt 
bomb, was designed to 
penetrate up to 30m 
(98.5ft) before explod. 
ing. The detonator [1] 
fired the charge [2]. A 
general purpose bomb 
[8] has fuses in the 
nose and tail (3, 4) 

to ensure the charge 
15] detonates. Frag 
mentation bombs [C, 
D] have weakened 
cases [8] that frag 
ment after the detona. 
tor [6] ignites the 
charge [7]. A built 

in parachute [9] may 
be used to control 

the rate of descent. 


4 The hand grenade, 
of atype used by 

the United States 
Army for 50 years, 
closely resembles 
the even older 
British 36 grenade, 
the "Mills bomb”. The 
thrower crooks his 
left forefinger 
through the ring [1], 
holding the grenade 


in his right hand, 

As he pulls the 
grenade away, the pin 
is withdrawn and the 
grenade hurled in an 
overarm action, The 
lever [2] flies up, 
causing the sprung 
striker [3] to deto- 
nate the percussion 
cap [4], igniting the 
time fuse [5] made of 


slow-burning powder 
The detonator [6] is 

fired after 

delay of about four 
seconds, setting off 
the main charge [7]. 
Lethal fragments 

of the cast-iron 

case [8] are showered 
in all directions, 

some of them danger- 
ous for 30m (98.5ft). 


products, such as nitrogen, water (in the form 
of steam) and carbon dioxide 


The development of dynamite 
Nitroglycerine, an oily liquid first prepared in 
1846, requires only a slight shock to cause 
detonation. Its use as a high explosive is 
consequently hazardous, The Swedish 
chemist and industrialist Alfred Nobel 
(1833-96) solved the problem in 1866 when 
he discovered that kieselguhr, a 
diatomaceous (silica) earth, absorbs up to 
three times its weight in nitroglycerine, while 
remaining dry. The granular product, dyna- 
mite, retains all the properties of nitrog 
lycerine but is far less sensitive to shock. 

Nobel later discovered that nitrocellulose 
(originally called guncotton) be 
gelatinized with nitroglycerine to produce a 
stiff jelly known as blasting gelatine. 

Most military high explosives are organic 
chemicals such as trinitrotoluene (TNT), 
ammonium picrate, cyclotrimethylenetrinit- 
(RDX cyclonite) and 
pentaerythritoltetranitrate (PETN). Bombs 
and explosive shells contain TNT or amatol 


can 


as 


ramine or 


5 The combustion of 
the propellant in a 
firework rocket pro- 
duces its power. The 
case is wot-rolled 
and the thrust increas: 
ed by constricting 

it near one end 
(constriction made 
with a cord before 
the case is dry). The 
propellant is packed 


into the case so 
that a conical cavity 
is formed at the 
burning end, allowing 
a large surface aroa 
of combusion to 
give the initial push 
The cap of the rocket 
contains flares, or 
stars”, which are 
ejected as the pro. 
pellant burns out 


< 
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(TNT and ammonium nitrate mixture), which 
are sufficiently insensitive to withstand the 
shock of the propellant. Armour-piercing 
shells contain ammonium picrate, which is 
less sensitive than TNT and can withstand the 
shock of impact before being detonated. 
Plastic explosives have military and peaceful 
uses and consist of RDX blended with wax 


Peaceful uses of 
explosives include 
blasting in mines and 
quarries, the demo 
lition of old build 
ings and the removal 
of tree stumps, Only 
an expert can decide 
the type and size of 
explosive charge to 
be used. Demolishing 
a tall structure such 
as the cooling tower 
of a power station or 
the chimney of a 
factory involves the 
precise placing of 
small charges that are 
fired together or in 
sequence. In this 
case the space 
available for falling 
debris determines the 
type of explosive and 
how itis used. A 
chimney may be made 
to topple and fall 

like a tree (by 
demolishing a wedge 
shape at the base) or 
it can be made to fall 
vertically (by using 
several charges). 


Fuses, detonators and fireworks 
A fuse is used to fire an explosive from a dis. 
tance or after a delay. Safety fuse contains a 
gunpowder-like substance and is generally 
used with a detonator. This contains a sensi- 
tive primary explosive fired by fuse or by 
means of an electric current 

Pyrotechny is the use of explosives for sig 
nals, display, flares or fireworks. V 
ours are obtained by adding a suitable metal 
salt, usually a sulphide, Antimony gives a 
white flame, strontium salts red, barium salts 
green, sodium salts yellow, and a mixture of 
copper salt and mercury chloride a blue 
flame. As with all explosives, fireworks are 
potentially dangerous and should be used 
only with great care 


arious col 


6 Hiddon hazards in 
clude bounding-type 
mine [A], buried 
with the tips of the 
prongs [1] showing 
and the safety pin 
12] released. When the 
prongs are touched 
the firing pin [3] is 
released, detonating 
the igniter [4], which 
in turn detonates the 
propelling charge [5] 
This fires the pro- 
jectile [6] about 2m 
(TR) above the ground 
before it explodes. 
1B] is a conventional 
anti-personnel mine 
armed by rotating 
the safety clip [7] 
from “safe” [8] to the 
‘armed’ [9] position. 
Stepping on the 
pressure plate [10] 
pushes the firing pin 
[11] into the detona 
tor [12], and the 
charge [13] is explo: 
ded, [C] is a heavy 
anti-tank mine that 
is armed by insert 
ing the fuse and rota- 
ting the arming plug 
[14]. Heavy pres- 
sure on the pressure 
plate [15] activates 
the fuse, which ig 
nites the booster [16] 
and the charge [17] 
The activation wells 
118] contain fuses 

to booby-trap it. 


7 Firecrackers make 
the deviis jump 
according to the 
Chinese, who are 

said to have developed 


fireworks for reli- 
gious festivals. To- 
day various celebra. 
tions make use of 
pyrotechnical displays. 
Effects are caused 

by the combustion of a 
variety of substances; 
colours are produced 
by adding various 
metal salts, sparks 

by finely ground metal 
particles, A skilful 
arrangement of fire- 
works can produce 
subtle effects, such as 
portraits and words 
spelled in fire, 


Colour chemistry 


Man has perceived and used colour since the 
earliest times, as the cave paintings of the 
Pleistocene in Altamira and Lascaux [5], in 
Italy and the Urals, and in eastern Siberia and 
Australia all testify. Early man employed 
natural materials to produce the colour for 
these paintings and ever since that time has 
been experimenting with and perfecting 
methods of extracting dyes and pigments 
from natural materials and, compa 
recently, producing them by artificial means. 


ively 


The composition of dyes and paints 
Early man learned how to extract the animal 
and vegetable dyes with which he daubed his 
body and, later, impregnated his cloth, but it 
was not until the nineteenth century that the 
chemical composition of fully 
understood, It was then discovered that dyes 
are complex organic substances that are 
chemically bound to the fibres, as opposed to 
pigments which are larger particles that form 
a film on the surface. The colour we see 
depends on the wavelength of the light 
absorbed by the dye or pigment [6] 

In paints, finely ground pigment is bound 


dyes was 


together in an oily medium, When spread as a 
thin layer the medium dries to form a hard 
film binding the pigment particles to the sur- 
face. Vegetable and animal pigments were 
used in antiquity- sepia from cuttlefish, ivory 
black from burnt ivory, and indigo which was 
originally a plant extract — although these 
were less durable than the inorganic pig 
ments derived from minerals. Some inor- 
ganic pigments are still used, but most are 
derived from synthetic organic chemicals. 

Plant and animal extracts have been used 
as dyes [2, 3] and were often mixed to give 
other colours: woad [1], when combined with 
madder, gave dark blue; with logwood and 
nut gall, black; with weld, green; and with 
kermes, yielded violet and purple. 


Classification of dyes 

Dyes can be classified in two different ways, 
either according to how they are used or by 
their chemical composition [7]. The main 
dyers’ classes are vat dyes, substantive dyes, 
mordant dyes, sulphur dyes and ingrain dyes. 
Vat dyes — such as indigo ~ are insoluble in 
water and have to be converted to a soluble 


1 The woad plant sus- 2 
tained the production 
of blue dye for over 
1,000 years. Extract- 
ing indigotin from 
woad produced such a 
stench that Elizabeth | 
banned woad mills 
within five miles of 
her residences, How 
ever, she also pro- 
tected the industry 
from the competition 
of Indian indigo, 
which was a pro- 
hibited import in 
England until the end of 
the seventeenth cen: 
tury. In France 

Henri IV sentenced 

to death anyone using 
Indian indigo. The home 
industry was also 
protected in Germany 
and italy. Despite 
such protectionism, 
however, the lower 
cost and more vivid 
colour of indigo 
ultimately prevailed 
and the woad trade 
began to decline. 


derivative, which is absorbed by the fabric. 
Once in the fabric the dye is reconverted to 
the original form. Substantive dyes impreg- 
nate a fabric directly, whereas mordant dyes 
have to be fixed in the fibres by substances 
known as mordants, such as alum, which 
form insoluble complexes with the dye on the 
fabric. Sulphur dyes are direct dyes for 
cotton, Ingrain dyes are insoluble azo dyes 
(organic dyes derived from azo-benzene) 
produced on the fabric itself; fabric is treated 
with a chemical that can react with a diazo 
salt to form the dye. 

The nineteenth century saw the end of 
many of the natural dye industries. The first 
synthetic dye (aniline purple) was discovered 
by the British chemist William Perkin 
(1838-1907) in 1856. This was quickly fol- 
lowed by the discovery of magenta in 1858 
and Perkin’s tutor August Hofmann 
(1818-1892) then succeeded in showing that 
magenta could be converted into violet dyes, 
a group known as the rosanilines. 

At about this time an extremely impor- 
tant chemical discovery, the diazo reaction, 
was observed by a young German chemist 


2 Plants, shellfish 
and insects have a! 
been used to produce 
dyes, sometimes at 
great trouble and cost 
9,000 of these murex 
whelks were needed 
for one gramme of 
Tyrian purple (Ro. 
man imperial purple). 


connections 


in- 
Sect is indigenous to 
Mexico where it lives 
on prickly pear. tt 

has also been intro: 
duced into Spain, the 
Canary Islands and 
Central America. A 
gramme of the red dye 
requires 2,000 insects. 
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4 Ancient Persian 
carpets dyed with 
madder, kermes (or 
cochineal), genista 
(broom), buckthorn, 
nut gall, indigo, 
henna, saliflower and 
tumeric (all vegetable 
or insect dyes) mellow 
and improve with age, 
as in this 400: 

year-old example 


5 Cave paintings in 
Altamira and Las 

caux of 12,000 years 
ago made use of 
coloured earths and 
clays stained with 

iron or manganese 
compounds. Natural 
‘ochres and lamp-black 
made from oak char- 
coal were bound with 
animal fat, marrow 


and blood. Australian 
Aborigines still use the 
same pigments: black 
from chi white 
from pipe clay and gyp- 
sum; yellow from limo- 
nite, ochre oxide and 
some fungi; and red 
from red ochres, late- 
rites, limonites, man: 
ganese, iron oxide and 
Various sandstones, 


Peter Griess (1829-88), This enabled azo 
dyes to be prepared from a wide range of 
intermediates, The discovery of the ring 
structure of benzene (by another German, 
Friedrich Kekulé [1829-96]) and other 
advances in basic chemical understanding 
meant that the types of molecule responsible 
for colour could be identified and eventually 
synthesized. A great commercial industry 
thus grew up producing synthetic dyes from 
the organic chemicals found in coal tar. 


‘The modern dyeing industry 
Since the nineteenth century the manufac- 
ture of both dyes and pigments has been 
revolutionized by modern techniques. Most 
are now synthetic compounds derived 
from organic aromatic chemicals ob 
from the distillation of coal tar and crude oil 
Using various chemical reactions these com- 
pounds are converted into more than a 
thousand intermediates and these can then 
be made into the desired dye or pigment 

Azo dyes can be made in many colours 
and are used on all types of materials and as 
pigments in printing inks and for plastics 


6 Most mammals ore 6 
believed to be colour 
blind. Only man and 
other primates can dis- 
tinguish the colours 
of the visible electro: 
magnetic spectrum. 
When white light fails 
upon an object, the 
‘chemical composition 
determines which 
colours the object ab- 
sorbs and which it 
reflects. It is the 
reflected light that we 
and interpret as 
the different colours: 
a cloth that absorbs 
the blue component 
from white light 
appears reddish to us, 


Anti-stress layer 
Blue" emulsion, 
Yellow filter 
Green’ emulsion 
Clear golan 
Red” emulsion 
Clear gelatin 
Film base 
“Anti-halation lay 


10 Colour film is 
made up of three sil- 


11 Anodized alumin- 
ium can be coloured 
using dyes that are 
soluble in organic sol- 
vents. Both azo and 
phthalocyanine sol- 
vent dyes can be used, 
By this method, black 


ver halide layer 
which respond to blue, 
green and red light. 

A positive print is ob- 
tained from the devel- 
oped film "negative 
by replacing the col- dyes can be used 
ours ofthe “negative” to "print" letters on 
with their complements notices or, as here, on 
(asin yellow for blue), electronic equipment. 


Anthraquinone dyes give rise to reddish-blue 
Pigments used in paints, stains, enamels, 
Polishes, soaps and plastics as well as fabrics, 
Indigoid colours (blue and red) are used to 
dye fabrics. The triphenylmethanes give 
bright green, blue and purple shades and are 
used in paper, printing inks, crayons, cosme- 
tics and in processed food. Copper 
phthalocyanine is a pigment used in printing 
inks, lacquers, emulsion paints, distempers, 
rubber and plastics, and for imparting colour 
to car bodies. Phthalocyanines are also used 
as dyes; most are bright blue or green 

Dyes or pigments can now be made to suit 
any purpose. In general, dyes are used to 
colour textile fabrics whereas pigments are 
used for paints, printing inks and plastics, 
Plastics are coloured by mixing the finely 
divided solid plastic with pigment before 
moulding. Pigments can be made from dyes 
by precipitating them with a suitable metal 
salt to form the “lake” colours. Thousands of 
different colour chemicals are now manufac- 
tured and new compounds are being made all 
the time to add to the paintbox that man has 
created for his personal and commercial use 


For centuries the 
principal way of col 
ouring cloth was by 
dyeing ~ a method 
used today. 

Bolts of bleached or 


unbleached cloth are 
“stewed” in a bath of 
dye. The invention 
of synthetic aniline 
dyes in the 1850s 
widened the range 


of colour dyes 

to choose from, 
This illustration of 
about 1870 shows 
equipment for 
making aniline dyes, 


7 There are four main 
chemical classes of 
dyes and pigments 
In addition to 

the azo colours that 
provide 50% of all 
manufactured dyes 
and pigments. Aliza. 
rin, a natural anth- 
raquinone, was first 


the Egyptians. In 
digo was first syn- 
thesized commercially 
in 1897, Malachite 
green was one of the 
first synthetic dyes to 
be used. The phthalo- 
cyanines were dis 
covered in the 1920s. 


digo 
8 Heematite is one x 
of the iron oxides o o 
originally used a Alizavin n 


pigments for yellow, 
red, brown and black 
shades. Iron oxides 
are still widely used 
because of their 
durability, inert 
ness and low cost. 


9 These printing ink 
samples show the 
wide range of colours 
available. Inorganic 
pigments (Prussian 
blue and the load 
chrames) and the mod 
ern synthetic organic 
dyes and pigments 
are used in these inks. 
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Phthalocyanine 


Cosmetics and perfumes 


Cosmetics have been used since the Stone 
Age, when men painted their bodies as part 
of a hunting ritual. Excavations in Egypt have 
provided evidence that decorating the face 
and body with oils, aromatics and colour had 
become a sophisticated art by 5000 BC 
[Key]. As well as being used for decoration 
cosmetics are now employed to cleanse, help 
prevent skin troubles and to disguise minor 
facial imperfections. 


Creams and lotions 

Many cosmetic preparations are emulsions of 
water and oils or waxes, On application the 
emulsion splits up, water is lost and the oily 
material remains as a thin film on the skin or 
hair. Cold cream, often used for removing 
make-up, is an emulsion consisting of a 
combination of water, oil and waxes. It gets 
its name from the cooling effect produced by 
the evaporation of the water. It can be pre 
pared by mixing about one part by weight of 
white bees-wax with three parts of liquid 
paraffin at 70°C (158"F), and adding this toa 
mixture of two parts water and a sixteenth 
part of borax. The resulting mixture isstirred 


as it cools to 35°C (95°F), at which point per 
fume may be added 

New emulsifiers and better knowledge of 
emulsion technology have resulted in a large 
range of different creams. These include 
foundation creams for use under make-up. 
cleansing creams that do not de-grease the 
skin, hand creams to maintain the oil and 
water balance of the skin and barrier creams. 

Cosmetic lotions such as skin tonics or 
fresheners are mild astringents. They are said 
to close the “pores” of the skin, but in reality 
they close the openings of the hair follicles 
Such lotions are based on aqueous alcohol 
and may contain humectants such as glycerol, 
menthol for its freshening effect and the 
astringent wych-hazel. Eau-de-Cologne and 
aftershave lotions may both be regarded as 
everyday skin fresheners. 


Powder, lipstick and eyeshadow 

Face powder gives a smooth, even texture to 
the skin by masking the shine that results 
from natural secretions. Basic face powder is 
a blend of various ingredients including zinc 
oxide for covering power, precipitated chalk 


3 The fragrance of 
flowers such as lav 
ender [A] and roses 
[B] is due to 

minute traces of es: 
sential oils, These are 
not single substances 
but complex mixtures 
of odorous compounds. 
They are generally 
volatile liquids and 
may be extracted for 
use as raw materials 
in perfumery. Sep- 
aration of oil from 
plants is not easy 

and the method 
chosen must ensure 
that the perfume is 
not decomposed 
Steam distillation 
may be employed but 
the high temperature 
does not suit all 

oils. The most widely 
used method is ox 
traction with a low 
boiling solvent, which 
is later removed by 
distillation, The 

oils from peels are 
extracted by crush: 
ing and other 
mechanical means. 
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for absorbency and bloom, talc for spreading 
and zinc stearate for adhesion. The colour 
comes from inorganic pigments and organic 
lakes. The perfume is either a flowery frag- 
rance or a synthetic bouquet [3]. Cake make: 
up is applied to the face with a damp sponge 
and dries to form a water-repellent film of 
powder. It contains a perfumed powder base 
and “fillers” mixed with oily and waxy ingre- 
dients. The resultant mixture is compressed 
into cake form 

Lipstick must have a permanent colour, 
good covering power and an acceptable taste 
The base is a mixture of waxes and non: 
drying oils, and many variations ai 
depending on the proportion of oil to wax 
and the melting-point of the wax. Colour is 
achieved by blending titanium dioxide (for 
opacity), inorganic pigments and organic 
lakes (for intensity and variation of colour) 
with a staining dye (for indelibility). The 
most widely used staining dyes are eosin 
derivatives, A simple lipstick can be made by 
gently melting together about six parts of 
ceresin wax, one part olive oil, two parts 
lanolin, four parts petroleum jelly and one 


e possible 


1 The male musk deer 2A 
[Al secretes a strong. 
smelling substance 
from a gland situated 
on the abdomen. A 
rare perfume base, 
musk is obtained by 
killing the deer and 
extracting the whole 
gland, This is then 
dried and sold to 

the perfume industry 
whole or as a pow: 
dered extract. The 
perfume base civet 
occurs In both 

the male and female 
African civet cat [B]. 
Itis a yellow 8 
glandular secretion 
and is valued at 
about one-third 

the price of musk 


2 These molecular 
diagrams (black 
carbon, white = hydro: 
en, blue = oxygen) 

show civetone [A] 
and muscone [B], the 
active components of 
civet and musk 


CONNECTIONS. 


part liquid paraffin, When 
pletely mixed, the pigment 
castor oil and eosin paste is added to achie 
the desired shade. The melted lip: 
poured into a mould and allowed toc 


se are com: 


are ground in 


ick is then 
jl. Eye 
shadow and eyebrow pencils have a suitable 
colouring material dispersed in a similar wax 
base, Eyeshadow base contains an incre ased 
Proportion of petroleum jelly so that it may 
be applied with a brush or fingertip, whereas 
eyebrow pencil cont 


ns more high-melting 
wax to increase its firmness. 


varnish, deodorants and antiperspirants 
Nail varnish consists of a nitrocellulose base 
combined with a plasticizer, a modifying 
volatile solvents and colours. The plas 
ticizer ensures that the film is flexible 
does not flake off. The addition of resins 


n, hardness, gloss and resis 


and 


improves adhe 


tance to detergent solutions. Solvents are 
chosen to give even drying in five minutes or 
less. The colour comes from blending soluble 


dyestuffs and insoluble 


lakes with titanium 
dioxide, which provides opacity. Other mate 


rials such as natural pearl (guanine) or coated 
4 Atypical manufac- 
turer offers the fo! 
lowing selec 
cosmetics: mi 
two or three types, 
eyeshadow in f 
more forms, eyeliner 
liquid or cake) 
eyebrow pencils, 

nail varnish and lip 
stick (both as pear! 


on of 


ized or cream), face 
powder (loose and 
cake), liquid make- 


up and rouge in up 
to four forms. Each 
Product is available 
n a wide range of 
hades that are 

updated to follow 


7 Stage make-up can 
be used to give a face 
a natural appe 

under the whitening 
etfect of stror 
light [A]. To age the 
face [B] shading is 
applied around the 
yes, temples, be 

oath the cheek bones 
and at the sides of 

the nose and mouth. 
To give an Oriental 
look [C] white pow: 

der and shadow is 
used to widen and 
flatten the face and 


the eyes are elonga. 
ted with black eye: 
liner. Grease paint 
is made in a variety 


micas may be incorps 


rated to give iridescent 
metallic” finishes, 
Unpleasant odours develop with the 


pearlized or 


bacterial decomposition of perspiration on 
the skin. This can be prevented simply by fre 
quent washing or by the application of an 
efficient bactericide suitable base. 
Deodorants have no effect on the flow of 


in a 


perspiration and become less effective after a 
time. Antiperspirants decrease perspiration 
by a complicated mechanism, It is thought 
that sweat passes along the sweat duct by the 
Process known as electro-osmosis and that 
the application of an electropositive material 
to the electronegative end of the duct inhibits 
the delivery of sweat. Antiperspirants gener 
ally contain an aluminium salt as the active 
ingredient. Aluminium chloride and sulphate 
but their 
irritation and damage to clothes. Nowadays a 
buffered form of aluminium chloride in solu 
tion is used and this has removed many of the 
side-effects. Many — liquid 
supplied in “spray-on’ 
aerosols, or they may be of the sponge-tipped 
or ball-ended type 


are effective acidity causes skin 


undesirable 


formulations are 


roll-on 


6 Women in North 
Africa and India ui 
henna (Lawse 
inermis). B 
the plar 
leaves are col- 

ected and powdered 
sa red 
dye that has long 
been used. The powder 
s made into a past 

by mixing it with 


This produc 


then spread libe 
over the part to be 
dyed. It is generally 
t overnight and 
is used to dye fin. 
gernails, hands, 
hair and even 


the manes 


if 


The Egyptians dec 
orated their eyes 

by painting the under 
sidos green and (not 
shown) the lids, lashes 


5 Cosmetics should 
be applied to a clean 
skin [A]. Founda 
cream provides a 
base for colouring the 
face, to impart a 
healthy appearance 
and to modify the 
shape of the face 
Powder hides shine 


sa 


and eyebrows black. 
Green was made from 
the ore malachite (a 
copper carbonate) 
and the black wa 


or greasiness and 
gives a matt bloom 
to the skin. Eye 
make-up is used to 
enhance the natural 
colou” of the eyes, 
to alter their shape 
or to draw attention 
to or detract from the 
line of the eyes [B]. 


kohl, a fine black 
powder produced from 
stibnite (antimony 
Sulphide) or the ore 
galena (lead sulphide) 


Lipstick modifie 
the shape of the 
mouth and enhances 
the whiteness of the 
teeth. A layer of 
lipstick may also be 
beneficial in pre 
venting cracked 

lips ~ possible 

sites of infection, 


Rubber and plastics 


Rubber and plastics are two much-used 
modern materials that both consist of com- 
plex molecules known as polymers. These 
polymers have long molecules built up from 
simpler units attached to each other 
repeatedly, like links in a chain. The type of 
chemical reaction by which they are formed is 
called polymerization, Most rubbers are 
elastic — that is, they return to their original 
shape after being stretched or bent. This 
property, and the fact that rubber was origi- 
nally a natural product, are generally sup- 
posed to distinguish rubbers from man-made 
plastics, But some plastics, such as Perspex 
(an acrylic plastic), are springy. Some rub- 
bers and plastics are similar chemically 


Natural rubber: extraction and treatment 

Nearly all natural rubber comes from a South 
American rubber tree (Hevea brasiliensis) 
although several other plants, including some 
nettles, contain a rubbery liquid sap, or latex 
The rubber tree originally grew in Brazil, But 
in the late 1800s seedlings were raised, first in 
London's Kew Gardens and then in Malaya, 
and today most of the world’s supplies of 
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natural rubber comes from Malaysia 

Natural rubber is a polymer of isoprene. 
The latex is obtained from the tree by “tap- 
ping” — it seeps out through spiral cuts made 
in the bark. The liquid latex is coagulated 
(made solid), dried and exported as sheets of 
raw rubber [1, 3]. This is a weak, sticky and 
not very elastic material, Its strength and 
elasticity are improved by the addition of sul- 
phur in a process known as vulcanization, or 
curing, of rubber. Vulcanized rubber is 
harder and springier than raw rubber because 
atoms of sulphur form cross-links between 
the long polymer molecules so that these 
no longer slide over one another so easily 
Rubber containing a great deal of sulphur has 
many cross-links and so is rigid; this hard 
material is called ebonite. 

The strength and wear-resistance of 
rubber are also improved by the addition of 
fillers, which are powdery or fibrous sub- 
stances mixed into the rubber and include 
carbon black, silica and cotton flock 

Natural rubber, vulcanized and filled, is a 
useful elastic material and is widely em- 
ployed although it is rather expensive to pro- 


3 At the factory 
latex from a rubber 
tree can be acid. 


coagulated and 
squeeze-dried [1~-) 
or concentrated by 


centrifuge [5]. Rub: 
ber is melted [8] or 
vulcanized [6] (hard 


d) with sulphur 
attor which it can be 
shaped in moulds [7]. 


4 An inflatable boat 
makes use of rubber's 
unique propertie 
Not all rubbers re 
sist stresses equally. 
Special compounding 
methods produce rub. 
bers with particul; 
required propertie 
The rubber itself i 
often a mixture of 
natural and synthetic 
products. The degree 
of vulcanization and 
the presence of rein- 
forcing and filling 
materials are also 
important in deter- 
mining the final pro: 
erties of the rubber. 


duce. Since the mid-19605 its production has CONNECTIONS 
been greatly outstripped by that of synthetic 


rubbers [2] which have other advantages 


See aiso 


Man-made rubbers and plastic 
The first useful synthetic or artificially made 
rubbers were produced during World War I. 
Since that time many kinds have been 
developed. Perhaps the most important, in 
terms of the quantity produced, is styrene 
butadiene rubber (SBR). Most of the raw 
materials for this rubber come from pet 
roleum. SBR is a copolymer made from two 
“monomers”, styrene and butadiene [5] 
Other synthetic rubbers (“elastomers”) 
include neoprene and Hypalon [Key], both 
used in industry because of their resistance 
to chemicals, Silicone rubbers are a fairly 
recent development. They are remarkable 
polymers because, unlike most others, their 
long chain-like molecules have “backbones” 
not of carbon atoms but of silicon atoms. 
This makes them resistant to extremes of 
heat and cold and they are widely used as 
seals for jet engines but are not as mecha- 
nically strong as many elastomers. 


1 Plantation rubber 
beginslifeasa 
watery latex [1] tap- 
ped from a spir 
cuton a rubber tree 
(Hevea brasiliensis). 
Foreign matter is 
filtered out and the 
latex coagulated into 
solid rubber with 

an acid [2]. in coag- 


2 Millions of tonnes 


into slabs by par 
titions [3]. The 
slabs are dried, 


198119661971 
first by rollers [4] 

then by passing them 2 Since the mid- 
through adryingtun- 1960s the production 


nel (5), The raw rub- 
ber is then packed 
for export [6]. Malay- 
siais the world’s 
largest producer. 


of petroleum-based 
synthetic rubbers has 
far outstripped the 
production of 

natural rubber. 
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SBR unit 
Grinding a 

5 Styrene butadiene polymerizing two reaction, In later 

rubber (SBR) is chemicals together parts of the process 


the major synthetic 
rubber used widely 
for tyres, conveyor 
bel ‘other com- 
‘mercial and industrial 
products. itis a 
copolymer made by 


stabilizers and anti 
oxidants are added to 
it the rubber 
king down and to 
protect it from oxi- 
dation by air. It is 
then dried and baled. 


originate 
oil. A can 
quired, as in most 
polymerization reac- 

tions, to speed up the 


Plastics are now taken so much for 
granted that it is difficult to imagine what life 
was like without them [8]. The first man- 
made polymers to be called plastics were 
compounds made from a naturally occurring 
polymer, cellulose. Celluloid (cellulose nit 
rate) was one such early plastic. It was most 
famous, or infamous, as the material of highly 
inflammable films and dolls, 

Bakelite, another early plastic, is still 
used for making electrical plugs and connec 
tors. Bakelite was one of the first of the 
thermosetting plastics ~ that is, plastics that 
set hard on heating and cannot be re-melted 
without decomposing. More recently develo- 
ped thermosetting plastics include melamine 
plastics, used for plastic “crockery” and 
decorative laminates and the epoxy resins, 
most familiar as tubes of household glue 
When mixed with a chemical called a 
catalyst (provided in a separate tube), an 
epoxy cement polymerizes to become very 
strong, hard and resistant to chemicals. For 
these reasons many protective paints and 
coatings also contain epoxy compounds 

The other great group of plastics are the 


6 Making plasti 
typified by the manu. 
facture of polysty: 
rene. The chemical 
to be polymerized is 
styrene, obtained 
from the petroleum 
industry. This is 
first part-polymer 
ized [A], with the aid 
of a catalyst, in 
stirred tanks [1] 
The material then 
passes from the tank 
to a large reactor [2] 
cooled by a water coil 
to control the heat 
given off by the poly 
merization reaction : 
At the bottom 
of the reactor the tem: 
perature is 200'C 
(392'F) and nearly 
the styrene has been 
polymerized to a hot 
liquid plastic. This 
is fed by an extruder 
{3] to a water bath 
4] which cools it 
toa hard solid. The 
plastic can then be 
machined into small 
chips [5] ready for 
transport, Products 
are made |B] from 
the plastic chips (6) 
by forcing the molted 
material, with a 

tod extruder |7], 
to a die or mould 
8]. Polystyrene is 
used for man 


rt 


key 
thermoplastics, so called because they soften 


on heating, Familiar articles made from them ^ > 
include polyethylene (polythene) bowls and 3 


buckets; polyester and nylon fabrics; PTFE © 
© 
+% « 
a. a 


non-stick pan liners and PVC clothing 
O Hydrogen 


Like rubbers, plastics become stiffer 
when their long polymer molecules are cross: 
linked. Thermosetting plastics are hard and 
stiff because they contain many cross-links; 
and most thermoplastics have pliable qual. 
ities because they contain few cross-links. @ cua 
Techniques of moulding @ ovon 
Plastics are generally moulded into the 
shapes required. Thermosetting plastics are É} sunur 
often moulded in part-cured pellet form. 
These are compressed, heated until they (J ain 
flow and allowed to harden to take on the 
Plastics and rubbers: 
are chemically sim 


shape of the mould. Thermoplastics are fre- 
quently pressure-moulded [7]. Pipes, rods 
and sheets of plastics and rubbers are gene 
rally formed by extrusion in which the 
material is forced through a hole like tooth- same starting mat 
paste from a tube. The extruder is often ®rial, called a mon: 
‘omer. This diagram 

equipped with a screw for forcing the mate- Shows |A] the polymer 
rials through a shaped hole or die [6] 


ization of ethylene 
J 


tures -they can even 
be made from the 


by the compression 
of pellets ina 

mould. Thermopias 
ties, which soften and 
melt when heated, 
can be injected into a 
mould in a liquid 
form or blown into 
shape with air 
inside a mould. 


these chair seats, 
are moulded into 
their required 
shapes. Thermoset: 
ting plastics set 
hard and cannot be 
re-melted so they 
are usually moulded 


J] 8 The domestic 
uses of plastic are 
legion. Utensils 
range from food con 
tainers to washing 
up bowls. Even wine 
is sometimes bottled 


in plastic. Deprived 
of plastics, kitchens 
appear unfurnished 


9 Transparent plas- 
tics, such as poly- 
esters and the ac- 
rylics, can be used 
to preserve biolog. 
ical specimens and 
also find use as 
materials for orna. 
ments. Clear Perspex 
is now widely used 
as a glass sub- 
stitute for tables. 


Polythene 


[1]to form the plas- 

tic polyethylene 
(polythene). The same 
monomer will react 
with sulphur dioxide 
[2] and chlorine [3] 

to produce the syn 
thetic rubber called 
Hypalon. Natural rub 
ber is composed of 


"uU 


similar long-chain 
polymer molecules. 
They slip over each 
other when the 
rubber is stretched 
and return as before 
when the tension is 
released, giving bc 
kinds of rubber their 
elasticity 


Fibres for fabrics 


The word fabric once described any material 
made from wool, silk, cotton, or other animal 
or vegetable fibre. But today the choice of 
fabrics has been greatly increased by the 
introduction of man-made fibres, Synthetic 
fabrics made from them are relatively cheap 
and have special properties such as high 
strength and resistance to creasing and rot 
ting. In many modern fabrics a natural fibre 
such as wool is interwoven with a synthetic 
thus combining the 


fibre such as Terylene 
advantages of the two 


Animal and vegetable fibres 

Cotton is the most widely used of the veget 
able fibres, Cotton fibre comes from the seed 
pod of the cotton plant (Gossypium sp) and. 
like other vegetable fibres, is composed 
mostly of cellulose. Indeed, the shorter fibres 
of the cotton plant supply most of the world’s 
pure cellulose and only the longer fibres are 
used for textiles. 

Next in importance is linen, which is made 
from long fibres in the stalk of the flax plant 
(Linum sp). Jute (Corchorussp), hemp (Can- 
nabis sp) and ramie (Boehmeria nivea) are 


~ On 


~ 


Linen 
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other stalk, or bast, fibres. Sisal is a fibre 
taken from the leaf of the agave plant (Agave 
sisalana). Cotton and linen are the only 
vegetable fibres widely used for textiles. The 
others are generally too course and are used 
in the manufacture of sacking, carpet backing 
and ropes 

Wool is the best known animal fibre 
Wool fabrics have low strength but 
quely comfortable 


e uni 
and warm because the 
soft, springy fibres trap air. which insulates 
the wearer against cold, The main source of 
wool is the shi 
come from goats. Cashmere is a fine fabric 
made from the fleece of the Kashmir goat 
living in China, Iran and Mongolia. Mohair is 
a high-quality cloth made from the wool of 
the Angora goat, also a native of Asia. Fine, 
soft wools also come from members of the 
camel family - the llama, alpaca, guanaco and 
vicuña [2], all of which live in South America. 

Wool, like other kinds of animal hair, is 
composed mainly of keratin, a fibrous pro. 
tein also found in skin, feathers and 
horn. It is one of the few fibres that can be 
matted together into felt, or fuzz. This mat 


ep, but some of the best wools 


nails, 


K) 


xo 


1 Wool, linen, silk 
and cotton are the 
four main natural 
fibres, each of which 
is sorted and spun 
by largely the same 
processes [A]. After 
the raw material has 
been cleaned it is 
opened" or arranged 
into a thick mat by 
passing it through a 
beater cylinder. It 
s then “carded” or 
combed by huge rol: 
lors covered with 
wire teeth. The 


tangled fibres are 
straightened into a 
thin web of lint, 
which is next con- 
densed to slivers, 
which look like loose 
ropes of yarn. Each 
sliver is drawn, under 
tension, through 
rollers and coiled 

on to a roving frame. 
The “roving” is 
twisted and retwisted, 
becoming continually 
finer and stronger. 
before it is finally 
wound as finished 


2 The dense coat of 
the vicuña (Lama 
vicugna) protects it 
from the cold of the 
high Andes, where it 
lives at altitudes 

of 4,270m (14,0001), 
A vicuña is a South 
American member of 
the camel family and 
its wool is valued 

for its high quality. 


3 Silkworms, such 
as the Chinese silk 
worm (Bombyx mori). 
differ from other 
caterpillars not in 
producing silk but by 
making much more of 
it. Silk is forced 

out through a small 
spinneret between, 
the jaws and hardens 
on contact with air 
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yarn on to a bobbin 
From the bobbin the 
yarn can be woven 
B] or knitted |C] 
fabric 


All wools 
have the major disadvantage of 
vulnerability to attack by pests such as moths 

Silk, the only other animal fibre of impor 
tance, has long been used to make fabrics of 
delicate lustre and smoothness. Because of its 
cost, however, it has largely been superseded 
by synthetic fibres, The home of silk produc 
tion is the Far East where silkworms [3], fed 
on mulberry leaves, eventually spin a con 
tinuous silk thread up to 800m (0.5 mile) 
long to make a cocoon. 


g process adds to its softness 


however 


The methods used in spinning, weaving 
and knitting natural fibres into fabrics are all 
very similar to one another {1} 


Synthetic fibre production 
There are two kinds of synthetic fibres. The 
first is derived from plant cellulose 
can be 
because cellulose is a natural polymer with 
molecules made up of thousands of glucose 
sub-units linked t 
Rayon is a fabric made of fibres of pure 


nd so 


considered as “semi-synthetic 


ether in a chain. 


Plant cellulose is dissolved by var 
ious chemical processes into a thick liquid 


cellulose 


Bester cylinders 


Roving frame 


CONNECTIONS. 


Se 


en regenerated in the form of spun 


fibres. A chemical solution of cellulose is 
pumped through a spinneret (named after 
the silkworm’s spinning gland) into a precipi 


tant in which it coagulates into fine threads 
(filaments) [Key]. These filaments are then 
twisted together to make the rayon yarn. 
Another cellulose 
the fibres of which are n g 
jose with acetic and sulphuric acids. 


fabric is acetate rayon, 


de by treati 


cell 
The 


throu; 


ibres of cellulose acetate are also made 
h a spinneret. Rayons dye easily and 
they also lose their strength when wet, only 
to regain it when dry 


The second and much larger group con 
tains the purely synthetic fibres 
polyesters known by 


nylon and 
such trade names as 
Dacron. The materials for 
these fibres are made entirely from chemicals 
(often by-products of petroleum) 

Spinning 


Terylene and 


plastics into fibres often 


involves melting and extrusion through a 


spinneret [4]. For plastics that are sensitive te 
heating, including the acrylics used to make 
such fabrics as Acrilan, it may be necessar 


dissolve the plastic before spinning the fibre 


4 In making nylon 
two chemical com: 
ounds, such as hexa: 
methylenediamine 
and adipic acid, are 
melted and combined 


spinneret. The fila 
ments are twisted 

d united into yarn 
by a convergence 
wheel, which feeds 
the yarn on to bob 
under pressure ina bins. It is then 
hopper. The liquid cald-drawn, or 
nylon thus formed is stretched, to alter 
filtered through the molecular struc 
metal gauze or sand ture of the yarn fila 
and extruded as very ments and this gives 
filaments, or them greater strength 
strands, through a and elasticity. This 


Acrylic fibres have a soft, wool-like feel and 
are often used for making blankets and 
Synthetic fibres are often 
fibres 


winter clothing 
superior to natural They can be 
lexible, and are usually resis- 


tant to heat, rot or abrasion 


stronger, more 


Dyeing and finishing 

Natural fibres, with the exception of silk, are 
casy to dye but special chemical processes are 
sometimes necessary to make dyes adhere to 
synthetics. Unwanted natural 
removed by bleaching. Natural fibres and 


colour is 


rayon can be treated with resins to render 
them crease-resistant or an elastic plastic to 
make them waterproof and stainproof 

There are two fibres used in fabrics that 
are entirely mineral in composition. Asbestos 
fibres, from the mineral chrysotile, are woven 
into fire-resistant matting and clothing [5] 
Glass fibres are made by melting glass in a 
tank perforated with tiny holes through 
which the glass is drawn as filaments which 
are chiles ) short fibres by 
team. Fibreglass fabric, hardened 
with a synthetic resin, is very strong [7] 


and snapped in 
air or 


5 Asbestos fibres 
are mineral, and so 
do not burn or char 
For this reason 
clothing woven from 
asbestos is invalu: 
able for fire- 

fighting and is 

often aluminized or 
'silvered” to reflect 


process is carried 
out by unwinding the 
yarn from one bobbin 
passing it through 
rollers to stretch 

t and then winding 
it on to another 
bobbin. Nylon is one 
of the strongest and 
most elastic of all 
plastics and is 
widely used both 

for domestic and 
dustrial purposes, 


Spinnerets are 
finely perforated 
plates or tubes that 


heat and keep the 


wearer cool, Asbes- 


tos clothing is also 
resistant to chemi 
cals and, because 
asbestos is a poor 
conductor of elec 
tricity, it provides 
protection against 
electric shocks. 


ke threads from 
chemical solutions 
of polymers during 


the course of manu: 
facturing all man: 
made fibres. 


6 Synthetic fibres 
are used for many 
purposes calling for 
great strength, as in 
Parachute making 
Nylon cords and 
ropes vie with steel 
in strength and are 
very much stronger 
than natural fibres 


7 Motor car bodies 
and many other pro- 
duets are now made 
of materials woven 
from fibreglass, The 
flexible glass fibros 
are stronger than 
steel and resistant 
to heat, rot, rust 
and most chemicals 
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Making cloth 


Nearly all textiles for clothes, sacks, carpets 
and other coverings are made by looping or 
interlacing fibre strands together. The 
strands can be of natural origin- for example 
wool and cotton — or they can be synthetics 
such as nylon and Terylene. Additionally, 
natural and man-made fibre strands are often 
woven together, as in the Terylene/coton 
mixtures used for shirts and blouses 


Fibres into fabrics 

Each fibre strand, or yarn, is composed of 
many short fibres twisted together by an 
operation called spinning [1, 2]. When twoor 
more yarns are interlaced in the process of 
weaving, carried out on a machine called a 
loom [Key, 3], a length of cloth is made, But 
when a single continuous length of yarn is 
looped into a fabric the operation is called 
knitting. Industrially, knitting is also carried 
out on machines [4, 5] 

Lace fabrics are made by interlacing and 
twisting yarns together. Felt fabrics are 
exceptional in that they are not knitted or 
woven. They are made by pounding hot, wet 
wool and other fibres together. The soft feel 


1 
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of “cut velvet” is given by many tufts of 
severed yarn endings [7] although “figured” 
velvet, also a woven fabric, is not cut. Its soft- 
ness is derived from the raised loops of fibres 
of wool, cotton or synthetics 

The preparation of fibres involves a 
number of processes. For cotton these 
include brushing fibres from the seed bolls in 
a cotton gin; beating the fibres to loosen 
them; rolling or lapping them flat and 
scutching (beating) them into fleecy masses 
All of these processes are now carried out 
completely by machines 

Cotton fibres are straightened in a 
carding machine which also forms them into a 
loose rope or sliver. The longest fibres only 
are used for high-quality yarns and are 
‘obtained by combing them out on a machine 
in which the fibres are held by rows of pins. 
The slivers are then drawn through a series of 
rubber rollers, each pair of which moves 
quicker than the previous pair so that the 
fibres elongate to form rovings. These rov- 
ings are then ready for spinning, 

Wool needs to be washed in detergent to 
remove dirt and grease, Fine worsted wool 


1 In this spinning 
wheel of 1480 the 
pulled from 
ff [1] by the 
left hand, while the 
right hand turns the 
wheel [2]. The yarn 


passes through a 
hollow spindle (3} 
and hooks over a flyer 
14] mounted on the 
spindle and driven 
by a pulley [5]. The 
spool also turns on 
the spindle but is 


© 


yarns use only the longer fibres, selected bya 
combing operation. Retting is the name of a 
treatment for flax fibres (for linen) in which 
they are rotted in water to soften them. Silk 
comes from the cocoon of the silkworm and 
requires a special treatment with soap or 
detergent to remove the gum that originally 
bound the filaments in the cocoon, 


Spinning and weaving 
The textile industry grew up only in the eigh- 
teenth and nineteenth centuries, although 
spinning and weaving are age-old traditional 
occupations. The industry progressed as the 
result of a series of British inventions. The 
inventors included Richard Arkwright 
(1732-92) whose spinning frame of 1768 
first provided a cotton yarn strong enough to 
be used as the warp, or lengthwise thread, for 
machine-operated looms. Two years later, in 
1770, James Hargreaves (died 1778) 
patented the spinning jenny, which spun 
many threads at once. Other early inventions 
included the spinning mule of Samuel 
Crompton (1753-1827) and the power loom 
of Edmund Cartwright (1743-1823) 
attached to a smal 2 Tm 
ler pulley [6] which 
turns faster, so 
that the fiver 
twists the yarn at 
the same time as 
itis wound onto 
the collecting spoo! 


2 The ring spinning 
frame, invented by 
John Thorpe, is used 
for cotton, The yarn 
passes through a 
series of rollers 

and a guide, and 
finally down to the 
spindle. The flyer is 
replaced by a small 
traveller that runs 
freely on a flange 
ring which surrounds 
the spindle, The 
bobbin is carried on 
the spindle and ro- 
tates very quickly. 
The traveller is 
pulled round the 
flange ring by the 
yarn and, because of 


eller 
and the ring, the trav: 
eller lags behind 

the bobbin so that 
the yarn is wound on 
as itis spun. The 
plate holding the 
flange ring and 
traveller rises and 
falls, distributing 

the yarn evenly 

on the bobbin 


3 A modern textile 
factory generally 
has a number of 
looms all working at 
the same time, A 
machine minder 
tends one or more 
‘machines, joining 
any broken yarn and 
supplying the loom, 
with full bobbins. 
The strength and 


—_—_—_—— 


CONNECTIONS 


elasticity of yarn 
varies with temp- 
erature and amount of 


moisture in the 
and so the whole 
room is air-con: 
ditioned to keep 
breakages to a mini 
mum and stabilize 
the settings of the 
fine controls of the 
high-speed machines 


r 


In spinning, the rovings are passed to 
rotating spindles carrying bobbins, all 
mounted on a moving frame of the kind origi 
nally invented by Samuel Crompton and 
called the spinning mule. The frame first 
moves outwards, pulling out the roving to 
form a yarn and twisting it. Then it moves 
back and the yarn is wound evenly on to the 
bobbins, guided by wires. Worsted and 
cotton are now usually spun on a ring spin 
ning frame invented in 1828 by John Thorpe 
in the United States [2] 

Linen is spun on a flyer frame that has a 
hollow inverted U-shaped device, the flyer. 
mounted on a spindle. Each yarn passes to a 
bobbin through the inside of this flyer which 
rotates round the bobbin, twisting the yarnas 
it does so. 

In weaving two yarns are employed; the 
warp, a set of lengthwise strands held firmly 
on a loom and alternately pulled apart, and 
the weft, which is carried sideways through 
the parted warp strands by a shuttle to which 
it is attached. The warp strands are then 


closed together and the new weft strand is 
pushed back against the previous one by a 


device called a reed. Factory looms weave 
quickly because the weft threads are shot 
through the warp by an extremely fast 
shuttle. The edges of a cloth are strengthened 
by doubling the thread or using a stronger 
warp yarn. This edge is known as a selvedge 


Finishing the fabrics 

Fabrics are finished in a number of opera- 
tions that include bleaching, dyeing and 
printing. Bleaches such as hydrogen peroxide 
and hypochlorites can white a cloth before 
dyeing. Printing on cloth resembles that on 
Paper: flat or cylindrical printing blocks or 
silk screen processes can be used. 

The lustre of a fabric, particularly cotton, 
can be improved in a number of ways, 
including singeing and mercerizing, a process 
using caustic soda, Wool fabrics are treated 
against shrinking by chemical treatment of 
the fibres. Creaseproofing is another fin 
ishing process, although it is not necessary for 
many synthetic fabrics that resist creasing 
well anyway, Fireproofing, waterproofing 
and mothproofing are other finishing treat 
ments that are carried out on a large scale 


4 Troadie and pulley 
operated the first 
really successful knitt- 
ing machine which 
was invented by 
William Lee in 1589 

it could knit at the 
surprisingly fast 

rate of 600 stitches 
every minute 


1 Hooked needles 
2 Prosser bar 

3 Shank of needle 
4 Sinkers 

5 Handie 

6 Hinged arms 

7 Bent bar 

8 Bont pulley 

9 Locker bar 

10 Slur 

11 Whee! 


5 Modern knitting 
machines resulted 
in mass-produced 
hosiery. The power 
driven circular 
knitting frame came 
into operation in 
the 1840s and the 
machine for closing 
‘seams 20 years later. 


6 Designs are printed 
on cloth after it 

has been woven. 
Flat printing blocks 
with the design 
raised in relief or 
etched below the 
surface (intaglio) 
may be used or, as 
here, the cloth can 
be printed by means 
of inked rollers. 


Key 
In the first looms, 
weaving proceeded 
like darning, the 
weft being passed 
over and under the 
warp. In other early 
looms every other 


Reed 


8 The seed heads of 


the teasel plant 
form a “bru 
hooked bristles. 
They are tradition- 
ally used for raising 
a nap on coarse 
tweed cloth such as 
Harris tweed and 
ve not yet 


of 


bettered by purpose- 


built machines. 


warp thread was at 
tached to a stick, 
the heddle, which 
could be lifted to 
part the warp allow 
ing passage of the 
weft thread, The 


Hoddie Warp 


7 Velvet weaving 
originated in China. 
The pile warps are 
lifted for the inser 
tion of the wire, 
which forms a loop 
in the pile. This 
wire has a blade 

at its extremity to 
sever the loops and 


heddie eventually 
gave way to a device 
called the shaft, which 
parts the warp threads 
in various combina: 
tions to allow the 
weaving of patterns. 


leave the tufts as 
the wire is withdrawn, 


2Pilewarp 

3 Wire for uncut pile, oF 
tony 

4 Foundation weft 

5 Grooved wire for cut 

6 Cutpiletutts 


Making paper 


Paper is one of the most common everyday 
materials of industrialized societies and one 
that man has been using for nearly two 
thousand years. He does not rely on paper 
merely to record his noblest conceptions but 
also uses it to fulfil his most basic needs. 
Apart from newspapers and books, paper is 
used for clothing, as containers for food and 
drink and for decorating houses, As yet, no 
comparable substitute has been developed 

Most modern paper consists of interlaced 
fibres derived from wood, although some 
Papers may also contain fibres from rags, 
other vegetable sources and even synthetic 
materials. The production principle is as 
simple as the material itself. Timber is 
chopped up and, to some extent, purified 
The fibres are next treated with chemicals 
and dispersed into large volumes of water. 
They are dried out in a thin film and the water 
is removed, so producing paper 


Industrial papermaking 

The industrial manufacture of paper is a far 
more complex and far-reaching operation 
Millions of trees are harvested every year 


still grows in the Nile 
Delta, It was pre. 
pared by laying 
strips of the reed 
side by side and 
then crossing them 
with other strips. 

It was then soak 

ed in the water of 
the Nile, which 


1 Papyrus, the writ 
ing material of the 
ancient world, pre: 
dated paper by at 
least 3,500 years, 

it was made from the 
papyrus reed 
(Cyperus papyrus), an 
aquatic plant of the 
sedge family that 
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solely to make paper [3]. There has been 
public concern about the depredations of the 
Paper industry on natural forest areas but 
companies now arrange careful programmes 
to ensure that forests yield regular crops 
often based on fast-growing, but non-native 
trees. Screens of standing trees are left round 
cleared areas to promote natural re-seeding. 
In many places seedlings are planted to re- 
establish the forest 

In the forests of North America and Scan- 
dinavia the trees are cut and transported to 
rivers, which are often frozen over in winter. 
In spring they are then floated downstream in 
their thousands. In some places the logs are 
made into huge rafts and then towed to the 
factory, or trucks are used to convey the logs 
from the forest to the mill. 

After arriving at the pulp mill the logs are 
stripped of bark and then treated in one of 
two ways, They may be disintegrated by 
grinding with huge grindstones and so 
reduced to what is known as mechanical pulp, 
or the logs may be “cooked” in large diges- 
ters, a process that breaks down the wood 
chemically. Wood has two principal con: 


2 Nicholas-Louis 
Robert (1761-1828) 
patented the first 
Papermaking machine 
in 1799. It made paper 
in great lengths using 
a continuous convey 


was driven by turn 
ing a handie. The 


s End roller 


created an adhesive 
and stuck the strips 
together. Finally, the 
sheet was hammered 
and left out to dry in 
the sun. Any surface 
roughness was 
removed by polish: 
ing with ivory 


or a smooth shell 
Vertical bar 


Chest support 


Screw spring — 


3 The growing di 
mands for paper and 
board is depleting the 
world’s forests of 
adult trees. One 

tree is needed for 
every 400 copies of a 
40-page tabloid news: 
paper But as forests 
are being cleared to 
meet the rising de- 
mand, the stock of 
trees is not being 
replenished. Even if 
sufficient land were 
available to plant 
new trees, it would 
still take 20-40 

years for thy 
reach maturity. 

The need to recycle 
more waste paper 
therefore is be 


stituents: cellulose and a complex substance 
called lignin that holds the cellulose fibres 
together, thus making the wood rigid. During 
the "cooking" the lignin is removed. 

The product of this second process is 
known as chemical pulp [5]. The method is 
more gentle on the wood fibres than the 
mechanical process and the fibres, because 
they are less damaged, make stronger paper. 
Usually, however, the two types of pulp are 
mixed in proportions that vary with the use 
for which the paper is intended. 


Processing the pulp 

If the pulp mill and paper mill are sited close 
together liquid pulp may be pumped straight 
from one to the other. If they are distant then 
the pulp is partly dried and pressed before 
being dispatched. The dried pulp has to be 
broken up again at the paper mill in a 
machine called a Hydrapulper. It is then 
thoroughly dispersed in a process known as 
beating or refining. Next come the additives 
such as china clay, coated whiting, rosin 
(probably mixed with alum) - plus other 
chemicals used as “retention aids” to keep 


The pulp passed 
between felt-covered 
squeezing rollers, 
removing most of the 
water so that the 
web lifted off the 
wire and could be 
coiled on a roller. 

The tension of the 
wire was adjusted 


prepared mixture of 
water and pulp was 
Poured into an oval 
chest then picked up 
by rotating copper 
bars and discharged 
on to the upper sur. 
face of an endless 
wire mesh running on 
two end rollers, 


Crows bar End ro 


Gathering roll 


Saus 


coming increasingly 4 
urgent. World con: 
sumption of paper 
and paperboard in 
1973 was nearly 
147 million tonnes, 
of which about 20% 
had been recycled 
Clearly this pro- 
portion will have 

to increase signifi 
cantly if there is 

not to be a world 
shortfall of pulp 
and paper, already 
predicted by the 
United Nations for 
the end of this 
decade, Possible 
substitutes for 
wood pulp, such as 
certain grasses, are 
also being explored 


4 Watermarks have 
been used for secur 
ity reasons or as 
marks of distinction 
since the latter 

part of the 13th 
century, when they 
were first used in 
Italy. They are 

still employed on 
documents and bank 
notes as a guaran. 


CONNECTIONS 
Sos aiso 


by a screw. The 
wire was shaken 

by a cross-bar 
driven by a wheel. 
This cross-bar 

could also be raised 
or lowered to alter 
the slope of the 

wire and thus 

the rate of water loss. 


Shake wheel 
Enclosed drum 


‘Oval chost 


tee of authenticity. 
The watermark is 
made by wires bent 
into a pattern. When 
this comes into con 
tact with a layer of wet 
pulp a translucent 
impression is made, 
which can be seen 
when the finished 
paper is held up 

in front of a light 


the additives on the fibres when the water is 
removed. Pigments to colour the paper or to 
improve its whiteness ~ titanium dioxide is 
used - may also be added, Both the beating 
and the additives influence the appearance 
and the character of the surface. 

The papermaking machine most often 
used ~ known as a Fourdrinier machine ~ has 
three main sections. At the wet end the 
slushed pulp of beaten fibres flows on to a 
moving band of finely woven wire or plastic 
mesh. There, aided by suction, much of the 
water drains away, leaving the fibres and 
most of the additives on the mesh. The wet 
“web" of paper runs on to the press section 
where it is carried on felt and passes between 
rollers that remove more water. The web, by 
now much firmer, is finally transferred to 
another felt surface in the drying sections and 
passes over as many as 60 drying cylinders. 

Papermaking machines, some of which 
are more than 75m (25ft) wide, operate at a 
rate of more than 900m (3,000ft) per minute. 
Pulp, which enters the machine with more 
than 99 per cent moisture, is transformed ina 
matter of seconds into finished paper with no 


s 


Headbox Solectitier 


© 
e 
@ 


‘Suction boxes 


off without damag. 
ing the timber. The 
wood may then go to 


diagrammatic and the chipper. This 
simplified flow- machine has rotating 
char knives that cut wood 


arrive at the paper into pieces about 


mill. They then pass 3mm (0.126in) thick. 
to the de-barker From there it goes to 
which has cutters the Kamyr digester. 

that penetrate the Here treatment with 


bark and force it boiling chemicals 


Press rolls 


more than five to ten per cent moisture. This 
paper is then wound on to a reel and is some- 
times processed even further. It may be 
remoistened and passed through rollers to 
impart a polished effect known as calen- 
dering, or it may be coated with china clay 
and latex to produce high-quality art papers. 


Paper in the modern age 
There has been much discussion in the past 
concerning the way in which cellulose fibres 
in paper hold together. Today, this adhesion 
is largely attributed to so-called “hydrogen 
bonding”. This is a weak link between a hyd- 
rogen atom already chemically bonded and a 
neighbouring hydrogen atom. 

Paper is more than just a subject of 
research in modern science. It is among the 
components of some of the world’s most 
sophisticated machinery and has some spe- 
cial technical applications ~ such as forming 
part of the dielectric in electric capacitors - 
that are not seen by the general public, It 
seems that although science produces more 
and more new synthetic materials every year, 
it still finds new applications for paper. 


Jordan refiner 


| Paper mill 


Hi-Lo pulpy | 


Paper 
Phosphor-bronze 
wire-cloth 
Canvas drier felts 


Drying roll 


there to further 
treatment in the 
Jordan refiner. De- 
inked and bleached 
waste paper 


moved at the extrac- 
tor. Alternatively, 


de-barkedlogs may —_pulped in the Hydra- 
then pass to the pulper by means 
mechanical grinder. of a spinning multi- 
The two streams vane motor and joins 
meet inthe bleacher, the other pulp at 
pass to the Hi- the refiner. All 


Lo pulper and from the pulp moves on to 


Pro-cut logs arrive 


Ways of making 
paper have changed 
little in 2,000 years. A 
suspension of cellul- 


Mechanical 
‘rind 


Calendar rolls 


the selectifior, 
Which is a pressurized 
sieve, and into the 
headbox. There the 
pulp is adjusted for 
consistency and fed 
ata controlled rate 
through a sluice 

gate on toa fine 
phosphor-bronze 
wire-cloth which is 
travelling at high 


The wat sheet is 
pressed and heated to 


ose fibres is made by 
beating the fibres in 
water, then separat- 
ing and soaking them. 


arkor Chipper 


Extractor 


ked and bleached 
ready for pulping 
Hydraputper 


Paper cuttings and 
‘ojects fod back into 
Hydrapulper 


Paper ready tor 
collection 


peed, At this point 
suction boxes extract 
most of the water and 


rolls and then 
dried over drying 
rolls. Itis given 


the paper then forms its finish in the 
web. The drained calender rolls. The 
water is filtered paper cutting 

out; bot ind not wasted but are 
the recovered pulp fed back into the 
may be recycled. The Hydrapulper. Finally 
web is pressed to the completed paper 


the required thick- 
ness in the press 


roll is ready for 
collection and use. 


Small technology in the home 


Man has three basic needs — food, clothing 
and shelter ~ and it is the last of these that 
represents a family's most valuable and most 
durable possession, It is as necessary to an 
African tribesman as to a European office 
worker. In the Western world the design and 
equipping of the home has been developed 
with the aid of an advanced technology, many 
of the products of which are beyond the 
means of people living in less developed 
countries, 


Simple technologies and community needs 

To enable people in rural communities to 
build houses that are more comfortable and 
will last longer, the designs and construction 
techniques must be simple, The materials 
used should come from the kind of tech- 
nology that can be applied locally, such as the 
method of reinforcing wattle and daub 
houses introduced in Zaire [2] and consi- 
dered suitable in other countries in Central 
and East Africa and South America. As a 
result the people can have better protection 
from the elements, better cooking [4] and 
washing facilities, and better sanitation [6]. 


1 In rural areas 
bricks are made by 
ancient manual pro- 
cesses. In India, 
where a rural brick 


brickworks by the 
introduction of an 


jon and 
use. This Indian 
trench kiln is illus- 


trated here. A typ- 
been made to improve ical kiin with a cap- 
the output of these acity of up to 28,000 
aA 


3 Thatch is one of advantage of thatch 
‘the traditional roof- -its cheapness. 
ing materials [A], Thatch can also 
regions with present other prob- 
ler Ìt is suscept- 
‘ble to attack by 
and timber is ge fungi and 
lly used for this and it burns easily, 
purpose. But sawn constituting a fire 
timber is expensive hazard. Commonly 
and its cost tends used alternatives 


to offset the only include sheets of 
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Some personal needs are also community 
needs — a reliable and pure water supply. a 
cheap and effective source of energy (such as 
methane gas) and access to inexpensive 
building materials. Rural industries, which 
provide the community with such essential 
products as soap, agricultural implements 
and cooking pots, are another need - and, 
incidentally, help to create wealth where it is 
most needed. 

Before high-quality, low-cost housing can 
be built, there must be research and experi- 
ment focused on specific local needs. Designs 
must be appropriate to local style [Key] and 
tothe climate, as well as being flexible, so that 
small houses can when necessary be 
enlarged. They must fully exploit local mate- 
rials and the ability of local labour. Finally, 
co-operative organizations must be set up to 
mobilize local resources and to encourage a 
desire for improvement. 


Sanitation and food storage 
Sanitation is as much as community as a 
family responsibility. But it begins in the 
home, where the introduction of the inexpen- 


bricks each day ered with ash, leav- 
would be 65m (213ft) ing only coal feed 
Jong and 25m (82ft) holes. The kiln is 
wide overall, the fired section by 
depth of the “trench” section, one each 
being 2.25m (7ft). day, the 17m (55ft) 
There is no roof. tall steel chimneys, 
The top courses of mounted on wheels, 
“green” bricks are being moved to the 
laid close and cov- section to be fired, 


galvanized steel, er 
Corrugated asbestos, 
cement sheets [A] and, 
in some developing 
countries, clay tiles 


l is made from 

paper, bagasse 
(sugar cane waste), 
jute waste, coconut 
fibre or rags. These 


IB]. None of these is are mado into a wet 
cheap and corrugated pulp and pressed 
sheets made from into sheets which 
asphalt and paper are dried in the sun, 
felt IC] provide a trimmed and impreg- 
good substitute at nated in a bath of 


less cost. The mat. paving asphalt. 


sive water-seal latrine [7] can be the greatest 
single method of reducing the incidence of 
disease. 

Methods of storing food are also impor- 
tant for family and community health. In 
many developing countries the climate is 
such that a refrigerator would be considered 
essential by contemporary Western stan- 
dards. In places where ice is available, an 
insulated ice-box may provide a partial solu- 
tion. The box itself is cheap and easy to make, 
but the ice may well be too costly for most 
rural families. 

In regions where the humidity is not too 
high an evaporative food cooler may provide 
a practical alternative. The cooler, which is 
designed as a cabinet with wire mesh walls 
and shelves to allow air to circulate, is placed 
in a shallow pan of water and has a second 
pan as its top. Jute burlap or sacking “cur- 
tains” hang from top to bottom, with their 
ends in the water. The burlap absorbs water 
like a wick, thus keeping damp. When the 
cabinet is placed in a breeze, away from 
direct sunlight, heat absorbed from the 
interior is used by the water in evaporating. 


2 This traditional 

“mud” house, which been successfully 
survive achieved in Zaire. 

more than five years The method is to dig 


of tropical rains, 
could be made to last 


a shallow foundation 
35cm (14in) deep 


threo to four times by 35cm wide 
as long if its weak round the house 
point ~ the base of close to the - 


itsouterwalis-was ing walls. The 


After curing fora ly watertight root, 
short time, they This is an excellent 
are dip-painted to example of how local 


produce any desired 
finish. The sheets 
are light and can 


easily be nailed available alternative 
into position, need- in bamboo, which is 
ing only a ridge long-lasting and 


“tile” (made of the 
‘same material folded) 
to provide a complete: 


strong. Until now it 
been little used 
as a building ma 


CONNECTIONS: 


tronch is filled with 
stones and clay mor- 
tar on which is 

built a low stone 
wall 1m (39in) high 
against the house 
wall. The top is pro- 
tected with cement, 
as shown in illus 
ion 3A 


because local people 
have not known how 
to join it effectively. 
But they now use the 
results of research 
that has shown that 
the application of 
modern engineering 
practice can produce 
bamboo structure 
with a good strength- 
to-weight ratio. 


As a result the inside of the cabinet is signific- 
antly cooler than the surrounding air 


Storage heating 

A heating system that has proved successful 
in Zambia uses an airtight brick enclosure, 
about 1m (39in) high and 70cm (27in) wide, 
built against the outside wall of a house. Two 
holes in the wall lead to the enclosure. The 
hole at ground level is just large enough to 
take a lighted coal-pot; the second, 80cm 
(3lin) above it, is filled with a single air- 
brick, Thick clay over the enclosure reduces 
heat loss to a minimum. 

After a coal-pot is put in, the bricks of the 
enclosure heat up in about an hour. They 
hold the heat (in much the same way as does a 
Western storage heater) long after the fuel 
has burnt away. In Zambia the charcoal 
cooking pot is put into the enclosure as soon 
as the evening meal has been prepared and 
no more fuel is needed. 

Even the electric washing machine has a 
low-cost equivalent, which has been success- 
fully introduced in Afghanistan. A washing 
machine works by continually agitating hot 


a 


6 Water-seal privies closets have been 


are more hygenic 
than the open pits 
still used in many 
Third World village 


successfully copied 
in concrete in the 
Philippines ata 
fraction of the cost. 


They improve a latrine A wooden mould is 
by keeping odours packed with two parts 
in and flies out of sand to one cement 
the pit. Western with enough water to 


porcelain water make the mix work- 


water and the laundry immersed in it 
Washing by hand has three drawbacks: the 
skin of the hands becomes sore and unsightly, 
the temperature of the washing water is 
limited to that which the hands can bear, and 
4 considerable amount of human effort is 
wasted bending over and agitating the wash. 

‘The “rural” washing machine is basically 
a tub in which a vertical plunger, about half 
the diameter of the tub, is used to agitate the 
laundry. The plunger has a long wooden 
handle and is centred in the tub by passing it 
through a hole in the lid. A long tub can have 
two plungers— one at each end — operated by 
a lever pivoted between the two and having a 
handle at one end, All three disadvantages of 
hand-washing are avoided: the operator's 
hands are kept dry, the water can be heated 
almost to boiling and the plunger makes the 
best use of muscle power. 

These few examples demonstrate that the 
potential applications of low-cost technology 
are enormous. Many people could benefi 
from them today, instead of waiting for their 
community to “catch up” with sophisticated 
Western technology. 


4 Open fires aro used 
for cooking in many 
village homes in the 
developing countries, 
S 


proved successful. 
There is one fire, on 
a grille ove 
pit. The heat 
directly to one cook- 
ing hole and circu- 
lates through chan- 
nels to the others. 


5 This simple solar 
water heater gives a 
steady supply of hot 
water when used in 
countries that have 
plenty of warm sun- 
shine. Basically it 


connected by large- 
bore pipes. Circu- 
lation is by gravity. 


able, After 20 minutes 
the bow! and outlet 
are dug out with a 
spoon, Dry cement is 
sprinkled over the 
wet interior surface 
to make it smooth. 
The mouli 
removed aftar a 
period of 48 hours. 


is finally 


7 Septic tanks aro 

an advance on simple 
water-seal privies. 
They consist of a 
watertight tank 

in which the waste 
matter decomposes 
and a sewer pipe con- 
necting the tank’s out- 
flow to a drain area. 

If the water privy 

is situated directly 


KEY 


In many developing 
aroas of the world 
houses are small and 
have no separate 
kitchens. The wite 


‘over the tank it 

need not have its: 
‘own water seal; in 
this case the drop 
pipe should be 10cm 
(ain) in diameter 
and dip 10cm 
below the natura 
water level of the 
tank, The pipe is con- 
nected direct to the 
squatting plate with 


may squat ona stool 
by ach 
Inthe corner of a 


around her. A re- 


her local life-style. 


an airtight seal 
‘The decompo: 
tank can be 
brick or stone faced 
with rich cement 
mortar. Alternatively 
it can be made of 
concrete or from a 
90cm (36in) or 
120cm (47in) sewer 
pipe set vertically, 

its bottom sealed 


with concrete. For 
use by one family 

it should have a cap- 
acity of not less 

than 1m? (36 cu ft), 
Natural decompos 
tion forms a sludge 
that settles, an 
effluent that passes 
into a seepage pit 
and gas that must 
be given an outlet 
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Everyday machines and mechanisms: 1 


Most everyday products are used without any 
thought about the history of their invention 
or development. But modern life would be 
inconvenient without practical products such 
as zip fasteners [1], pens [2], door locks [ 
water taps [4], lavatory cisterns [6], cigarette 
lighters [7], aerosols [8] and fire extin- 
guishers [9] 

Whitcomb Judson invented the zip fas- 
tener in 1891, although the first reliable 
model was not introduced until 1913 by 
ideon Sundback (1880-1954). Before this 
buttons were used, although they did not 
become common until the thirteenth century 
L. E. Waterman (1837-1901) invented the 
modern fountain pen in 1884. In postwar 
years the ball-point pen and fibre-tip pen 
have become more popular for everyday use 

Locks date back more than 4,000 years 
and were used by the ancient Egyptians. The 
lock most commonly used today is the Yale, 
named after its inventor Linus Yale Jr 
(1821-68). The modern aerosol has been 
adapted for many uses. Since the early 1950s 
it has been used for cosmetics, paints, 
Whipped cream and household cleansers. 


3a 


1 


POLOOS 


@ 


® 1 The zip fastener, 14]. By moving the 2 Pens are of three pens |B] are cart- 

T designed as an im slide upwards, the main types - ball ridge-loaded but most 
proved method of fast- teeth are gradually fountain and felt. Ball have a barre! (3), nib 
ening garments, com- drawn together within pens [A], developed in |4), teed [5], an ink 
prisestwochainsof the slide, interlocking 1938 by the Hungar- reservoir [6] and self 
teeth [1] each secured as shown inthe inset ians Laszlo and filling mechanism [7]. 
toalengthofstrong diagram. Whenthe George Biro, havea A felt pon [C] has a 
fabric [2], a slide [3], slide moves down, ballbearing [1] atthe fibre tip [8] and 
a bottom-end piece the divider within It ofa tube of special = ”transorb” [9], and 
andtwotopendunits [5] separatosthe teeth, ink [2]. Some fountain an ink rosørvoir [10] 
4a e 

3 The modern cyl- 

inder lock [A], in- 


vented by Linus Yale 
Jrin 1848, operates 
ona principle similar 
tothat used in ancient 
locks. Inthe Yale, 
several two-section 
pin-tumblers (pins [1], 
drivers [2}) of diffar- 
entlengths are forced 
downwards by springs 
[3] into holes ina 
rotating plug or cyl- 
inder [4], When the cor- 
rect koy [5] is inserted 
[B], the pins are 
aligned between the 
plug and body [6] lett- 
ing the plug turn [C]. 


4 Taps have not 
changed their basic 
design for more than 
100 years. Most taps 


[1] causes the washer 
[2] to be screwed 
Upwards away from 
the valve seat [3] 


shown here ~ closed 
[A] and open [B]. 
Turning the handle 


(5 Lever tumbler 
|| locks date back to 

the 18th century, Now 
usually on internal 
doors [A], their most 
important component 
isthe tumbler [1] a 
simple lever that is 
securely held on the 
bolt [2] by a spring [3]. 
A projection on the 
tumbler, or stump 

[4], prevents the bolt 
from moving back. If 
a key is inserted, it 
engages the tumbler 
and is shaped so 

that it pushes the 
tumbler upwards [B] 
by the right amount, 
the key is then able 

to turn enough to en- 
gage the bolt at a point 
and move it back in- 
to the lock. Turning 
the door handle then 
makes the cam [5] 
move the latch [6] 
across. For extra 
security, a series of 
different tumblers 
can be used, with 

the key lifting 

each one in turn 


6 The “wash-down” 
closet, invented in 
1889, worked on ex. 
actly the same prin- 
ciple as the one used 
today. Using plastics 
and superior design, 
the slim-line cistern 
is made for use 

in modern homes, 
By depressing the 
top-press device 


[1], a siphon is 
formed [2] and the 
water is sucked from 
the cistern and 
flushed down into 
the WC via a pipe [3] 
As the water drains 
from the cistern, 

the ballfloat [4] 
moves down and a 
lever-system [5] 
opens the ball 


valve [6], allowing 
the cistern to 

refill. When itis 
full, the balifioat 
and lever system 
close the balivalve. 
An overflow [7] 
allows water to 
drain off in 

the event of 

the balivaive not 
functioning properly. 
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7 Cigarette lighters 
first appeared in 

1909 when flint-wheel 
lighters with Auer: 
metal flints were used 
Auermetal, an alloy of 
iron and magnesium, 
was invented by 
Baron Auer von Wels: 
beck (1858-1929). In 
a modern flint/ 


8 Aerosols were 
patented by L. D. 
Goodhue and W. N. 
Sullivan in the USA 
in 1941 and the nero- 
sol spray has been in 
creasingly used since 
the early 1950s. First, 
the can [1] is filled 
with the product to be 
sprayed [2] and the 
propellant [3]. When 


petrol lighter [B], 
a lever [1] turns the 
flint-wheel [2] 

Petrol [3], generally 
in wadding, is 

drawn up the wick |4), 
and ignited by a spark 
from the flint [5]. 
Flint/gas lighters [C] 
are similar to flint/ 
petrol models, except 


the pushbutton [4] is 
pressed, the product 
is forced up the dip 
tube [5] and out of 
the nozzle [6] as a 
fine spray [7]. Freon 
isthe most common 
propellant, although 
it may be a pollutant 
and scientists are 
looking tor a safer, 
inert alternative 


that the petrol and 
wick are replaced by 
liquid gas [6] and a 
valve [7]. There are 
two types of electric 
cigarette lighters: 
battery-operated and 
piezoelectric models, 
Inthe battery- 


8 


operated type 
IA], a low-voltage 
battery [8] charges 

a capacitor [9], 
When a switch [10] is 
pressed, the capacitor 
charged through 
a step-up transformer 


(11] that produces 
high-voltage spark 
across a gap (12) 
igniting the gos 
released through a 
valve [13] when the 
button was pressed. 


9 Modern fire extin- 
guishers are of four 
main types: organic 
liquid, soda acid, 
liquid carbon dioxide 
(CO,) and sodium bi- 
carbonate. Extin: 
guishers containing 
an organic liquid [A] 
operate by gas pres: 
sure from liquefied 
CO, [1]. The soda acid 
type [B] is filled with 
a solution of sodium 
bicarbonate [2] and 
contains a small glass 
bottle of sulphuric 
acid [3]. When the 
base is struck, the 
bottle breaks and the 
resulting chemical 
reaction produces CO, 
gas, forcing the sol 


In a piezoelectric 
cigarette lighter [D] 
the electric current 
for a spark is gener 
ated when a crystal 
114] is squeezed, so 
igniting the gas 


ution out of the noz- 
zle [4]. The solid 
sodium bicarbonate 
unit [C] is “powered” 
by liquefied CO,, 

In the fire the bi- 
carbonate [5] decom- 
poses into soda (to 
form an air-excluding 
crust), water vapour 
and CO,. The carbon 
dioxide extinguisher 
[D] contains 5-6 
litros of CO, at 

high pressure (6) 
When released. solid 
CO, snow is sprayed 
onto the fire. In 
addition to excluding 
air, it removes heat 
and lowers the tem- 
perature to below the 
ignition point. 
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Everyday machines and mechanisms: 2 


Most of the machines described on these 
Pages are commonplace to anyone who lives 
in an industrialized country. But some of the 
inventions that they employ are surprisingly 
old. Few people realize, for example, that the 
first gas meters (known as wet meters, 
because they contained a liquid to make them 
work) were invented in about 1815. This type 
of meter is no longer used, but it was more 


than a hundred years before wet meters were 14 


superseded by the modern "dry" type - and 
even these [1B] are based on a design origi- 
nally developed between 1830 and 1850. 
Barometers also measure properties of a gas 
- the pressure of air in the atmosphere. Early 
barometers, such as the Fortin barometer 
[2A] used long tubes filled with mercury. 
Later barometers, just as gas meters, were 
superseded by “dry” types, such as the 
aneroid barometer [2B] 

Many modern machines are powered by 
electricity. Vacuum cleaners [5], electric 
shavers [6], drills [7] and washing machines 
[8] all make use of electric motors. A steam 
iron [3] and the elements in fan heaters [4] 
use the heating effect of an electric current. 

2A À 2 The Fortin baro- 
ç moter [A] was de- 
signed in the early 
1800s. Mercury in a 


r chamois leather bag [1] 


bears against a screw 
12] which is turned un- 


© 


til the top of the column 


touches a pointer [3]. 
Pressure is read on 
[4]. The aner- 
id barometer [B] 
invented in 1843. 
n evacuated 


i sealed metal chamber 
[5] which expands 


shifts in atmospheric 
pressure. One side is 
fixed and the other 
moves a pointer [6]. 


1 Most modern 
homes have mains 
electricity and many 


‘operated or read” 
periodically by the 
suppliers, who 


time, heat and steam 


for the successful 
ironing of many fab- 
rics. An electric 


element [1] heats the 


then send a bill to 


an AC watt-hour 


as a horizon- 
tal rotating disc [1] 

of aluminium with 
electromagnetic coils 
above [2] and below 


> 
oP 


= 
2. 


\ 


W y 
am 3 


which is released 
by operating the lever 
14]. Water turns to 
steam on touching 
the sole plate and 
passes through gul- 
leys on to the ma- 
terial being ironed. 


They incorporate 
pair of fans [1] that 


13]. Eddy currents from 
the coils turn the disc. 
The magnetic flux of 
the upper coil is pro- 
portional to the supply 
voltage and that of 

the lower one depends 
on the load current. 
The speed of rotation 
is proportional to 


4 Eloctric heaters 
with fans are more 
effective than more 
conventional electric 


fires, which rely 
solely on heat rai 
tion. Recent models 


[A] are more compact. 


the power passing 
through the meter. 
Gears [4] drive a 
counting mechar 
15). The positive 
placement gas meter 
[B] has two diaphragm 
chambers (6) with 
flexible membranes, 
which are filled 


force air over a 
grid of electrically 
heated coils [2]. As 
long as air passes 


and emptied in turn, 
Their movements are 
conveyed by levers 

[7] to slide valves 

that control the 

gas flow to and from 
the membranes, Other 
levers work an index 
drive shaft [8], which 
actuates a counter [9]. 


a fan [4] to force 

over them. In 

case the airflow stops, 
both types usually 
have thermostatic 
cut-out switches. Many 
have indicator lamps 
as well as switches 
for controlling the 
Speed and heat level. 


BA 


8 Washing machines 
began as manually 
operated devices and 


driven machines ap- 
peared in 1914. To- 
day there are two 
types —single-tub 
automatic machines 
(either front-loading 
‘or top-loading) and 
twin-tub machines. 


9 
machine [A] is design: 
ed to wash up to 
4kg (91b) dry-weight 
of laundry. Washing is 


5 Vacuum cleaners, 
as small non-electric 
models, were first 
made in 1904. An 
electric “upright” 
type was patented in 
1908. A modern “up: 


placed in the tub (1) 
through a glass door 
[2] and the tub is 
rotated by a motor [3] 
under the control of 


the program switches. 


Washing powder 

in from a con- 
tainer [4] and cold 
or hot water (or 
both) is piped in, 
again under pro- 
gram control. After 
setting the required 
program and switch- 
ing on, no further at- 
tention is needed, 
With a twin-tub 


right” vacuum ch 
[A] has motor-driven 
spiral brushes [1] 
and beater bars to 
stir up dust and dirt 
A fan [2] blows these 
into a disposable bag 


machine [B] the wash- 
ing is first placed 

in the wash-tub [5] 
and the controls [6] 
set for the necess- 
ary heating and 
washing cycles. Most 


hose connected to a 


the laundry is 
moved and placed in 
the spin dryer (71, 
The drain from 

the dryer must 

be led to a sink 


[3] and a filter in line from the motor 
cleans the exhausı {5} and fans [6] to 
‘Ona cylinder mod the dust bag. 

[B] all the compon. The horizontal type 
ents, apart from the ly has neither 
inlet tube [4], are revolving brushes 
mounted horizontally nor beater bars. 


head [1] with a 
was patented as early perforated foil [2) 


as 1900 in the USA, above the cutter [3], 
but the first success- which is moved from 
ful model did not side to side by a 
appear until 1931 vibrator [5] driven 


This modern version by electric coils [4], 


7 Electric drills are 
available in many 
designs, but they are 
all basically simi 
to this one. 

An electic motor [1] 
drives a fan [2] and 
pindle (3) through 
jain [4]. The 


chuck [5] and the 
motor is controlled 
by a trigger on-and. 
off switch [6]. Some 
drills have variable 
speeds, allowing 
their use at low 
speed and maximum 
torque (for drilling 
very hard materials), 
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Everyday machines and mechanisms: 3 


Many modern domestic appliances, including 
those shown on these pages, are not the pro- 
duct of Space Age technology but owe their 
existence to nineteenth-century inventors. 

The first sewing-machine was patented in 
1830. It was wooden, had a hooked needle 
and was made by the French tailor Barth- 
élemy Thimonnier (1793-1859). In 1841 
Thimonnier used 80 such machines to make 
uniforms for the French army. The sewing- 
machine [2] did not achieve large-scale fac- 
tory use until the development of the foot 
treadle by Isaac Singer (1811-75) in 1851 

In 1834 Britain issued the first 
refrigerator patent to the American Jacob 
Perkins (1766-1849), but a practical 
machine was not developed until the 1850s. 
The modern electric refrigerator [4] differs 
little from the one devised by James Harrison 
(1816-93) in 1851 for freezing meat on cargo 
ships. The household carpet sweeper [1], 
commonly named after its inventor Thomas 
Ewbank (1792-1870), was not made until 
1889, The first practical cylinder lawn- 
mower [3], introduced in 1830, was that of 
Edwin Beard Budding (1795-1846). 


2 Amodern electric 
‘sewing-machine 
incorporates a rot 
ary or oscillating 
shuttle [1]. The char 


acteristic machine Prossure control 


stitch is created 
by a pair of throads, 
one held at the top 
of the machine on a 
standard bobbin, 
which holdsacotton 2 
reel, the other wound 

on a special metal or 

plastic bobbin [2] in 

the base of the mach- 

ine ~ below the fab- 

ric, As the motor 

revolves (at a speed 
determined by a foot 
control) the shuttle 

[3] turns around the 

bobbin, The serios 

of events in the sew: 

ing of a stitch (O 
shown inthe sequence ~ 
A-F. The needie [4], 
which is threaded 

near its point, 
pierces the fabric 

[A] and the point of 
the shuttle moves 
towards the needle. 
As the needle moves 
[B] the hook 
huttle 
enters the loop 
formed in the needle 
thread, With further 
movement of the 
shuttle around the 
bobbin [C] the loop 

is drawn over the 
bobbin, linking it with 
the bobbin thread, 


Atthis point 

[D] the needle thread 

loop slips off the 

shuttle as the take-up 

lever moves upwards 

to pull the resulting 

stitch tight [E]. mechanism works by 

While thefeed-dog varying the amount of 

[6] moves the mater- rotation of the shuttle 

ial along one stitch at each stroke. Other 
gth, the shutt! mechanisms include 

makes one “idie” re- linkages to move the 

volution [F]. The tension feed-dog up and 

of each stitch, the down and from side 

optimum of which to side. The most 

varies for different up-to-date “swing 

types of fabric, is 

controlled by 


‘ng discs [7) andthe produce embroid- 
length is determined ered stitches and can 
by a regulator [8], hem, pleat, smock, 
The length control tack and gather. 


1 1 The carpet sweep- 

er cleans both carpets 
and smooth floor sur- 
faces efficiently 

Within the strong, 
lightweight plastic 

case isa brush [1] 

with six helical rows 

of tufts [2]. Akter- 

nate rows are des- 
igned to suit flat and 
carpeted surfaces and 
the brush height is 
simply adjusted by 
means of a plastic 
slider. As the 
sweeper is moved man- 
ually backwards and 
forwards the brush 
turns round and round 
Dus collected 
in pans [3] that can 
be emptied by ra 
the lever [4] on top 
of the sweeper, The 
Unit is completely 
surrounded by a flex- 
ible guard [5] to pro- 
tect furniture. This 
type of sweeper is not 
only labour-saving but 
has the advantage of 
(OWO) using no electricity. 


ng 


Bobbin winder 


A 


G 


3 Motor mowers 
have blades that 
move either by rotary 
[A] or cylinder [B] 
action. Inthe rotary 
mower the cutting 
blade [1] is turned 

by a petrol engine 

{2} (or electric motor) 
at such a high 


4A 


speed that itis not 
necessary to sharpen 
the blades, The 
height of the blades 
is adjusted using 

a lever [3] and 

the engine (and thus 
the speed of oper 
ation) is controlled by 
a throttle that 


regulates the flow 
of petrol/air mixture 
into the carburettor 
of the engine, 

One special type 
works on the hover. 
craft principle and 
rather than having 
wheels or rollers 
floats on an air 


cushion, A dis is mounted ona lawn by hand, The heavy raller. The 
advantage of most rotating “cylinder largest types of first domestic lawn: 
rotary mowers is the {5}. In the mower cylinder mowers are mowers, adaptations 
absence of abox for illustrated the unit built with seating of agricultural reaping 
grass cuttings ~ a is powered by an elec- arrangements forthe machines, were 
standard feature of tric motor [6] but operator and, when an drawn by horses 
most cylinder mow- most cylinder mowers immaculate finish is whose hoofs were cov- 
ers. In cylinder are driven either by required, as on a ered with sacking to 
machines aseriesof petrol engines or cricket field, may prevent them 

cutting blades [4] pushed acrossthe also incorporate a damaging the turt 


4 Household refrig- 
orators are operated 
either by electricity 
[A] or gas [B]. In 
the electric or com- 
pression modelan B 
electric motor 

drives a compressor 
[1] to circulate a 

fluid refrigerant [2]. 

The refrigerant is 

a liquid cooling agent; 
it boils at a low tem. 
Perature and in elec 
tric refrigerators is 
often Freon, a sub- 
stance containing 
carbon and fluorine. 

As the liquid refrig 

erant changes into a 
vapour, it absorbs 

heat from the freezing 
‘compartment or evap- 
orator [3]. The vapour 
is then compressed and 
passed at high press- 
Ure to the condenser 
[4]. The refrigerant 
condenses to its liquid 
form, losing heat to 

the outside air. The 
liquid returns to the 
‘evaporator after expan. 

jon to low pressure 

at a valve. In 
the gas or absorption 
refrigerator a gener- 
ator [5] is filled with 
ammonia gas dissolv 
ed in water. A gas 
flame heats this and 
ammonia vapour [6] is 
driven off. It is then 
iquefied in a conden- 
ser [7], thus losing 
heat, and passes into 
an evaporator [8] 
where it absorbs heat 
from the refrigerator 
and returns to the gas- 
eous state. This gas 
sinks to the bottom of 
the evaporator and si 
phons to the absorber 
{9} and from there to 
the generator again. 
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2 Socket for 
mains adaptor. 


On/otf switch 


2 A pocket elec: 
tronic calculator 

of this type can weigh 
120 gm (4 oz) or less, 
Including batteries. It 
depends for its 
existence on the 
development of 
integrated 
microcircults, These 
silicon ‘chips’ can 
have hundreds of 
transistors and other 
electronic 

components, plus all 
the interconnections 
Incorporated on a 
substrate no larg 

than a man’s 
tingernail. "Packaged! 
integrated circuits are 


Achain calculation 
makes use of the cal 
culator’s memory. To 
calculate (25 = 92) 
+ (72 * 5), first 
press the C key, then 
2 then 5, Press x (mul: 
tiply) key and then 
key in 9 then 2. Press 
(equals) key and dis- 
play shows 2300 [E]. 
Next press STD 
- the number is stored 
in the memory, Then 
press 7 followed by 
2; press x then 5; 
press = (360 shown) 
(F). Finally press + 
then RCL (memory 
recall) and = . 2660 
is displayed [G]. 


To find 55 per cent 
of 105, first pr 
the C key; then press 
1, then O then 5 [J] 
Press x key, then 5 
then 5 again [K] 
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Integrates 
ircult 
package 


used in a compact 
tronic calculator. 
By depressing 


various keys, 
calculations are 
arried out 


jutomatically and the 
results are shown on 
an illuminated display 
panel, Smaller 
calculators, the s 
t a credit card or 
en built into 
wristwatches, are 
widely available, 


This result could 
also be stored in the 
alculator’s memory 
and used as a start 


ing number for addi 
tional chain calcu: 
lations ~ such as 
further additions, 


Bottory 


subtractions, multi 


plications or divisions 


Pressing Ctwice 
clears the memory. 


3 A variety of calcula: 
tions is possible with 
an electronic calcu 
lator, as shown in the 
sequence of illus: 
trations A-P. The 
model shown has a 


Digit key 


Function key 


The calculator has a 
constant” facility 
by means of which it 
can be used for count 
ing. First press C 
(to clear the display) 
Press 1 and then 
(1 is displayed) [H] 
The calculator is now 
set up as a counter 
repeatedly pressing 
the + key makes it 
count in sequence 
1, 2,3, 4 and so on 
For example, after 
five presses of the 
key it will have 
counted up to 5 and 
displayed the number 
[I]. The constant can 
also be used for 


memory ~ numbers 
and the results of part 
calculations can be 
stored and called up 
later as they are re- 
quired. The CE key, 
when pressed once, 


A simple addition sum 


is 13 + 92, First 
press the C key (to 
clear the registers 
and display), Press 1 
then 3 (display shows 


A simple subtraction 
sum is 365 - 176, 
First press the C 

key (to clear the dis: 
play). Then press 3, 
then 6 and then 5 
(display shows 365) 
[C]. Press ~ (minus) 


carrying out a series 

of multiplications 
for example, con 

verting a set of meas 


cancels the existing 
entry. The same key 
when pressed twice 
clears the display. 
making the calculator 
ready for the next 
series of operations 


13) [A]. Press + (dis 
play remains as 13). 
Press 9 then 2 (dis: 
play shows 92) then 
press = (equals) and 
display shows 105 [B]. 


key (display remains 
at 365). Press 1 

then 7 then 6 (dis 
play shows 176) 
Finally press 
(equals) key (display 
shows 189 [D], the 
required answer: 


urements in inches 
into centimetres. The 
conversion factor 2.54 
is made the constant. 


Press % key, to get 
57.75 — the result 
Percentages can be 
calculated even with- 
out a % key. To find 
55 per cent of 102, 


key in 102, press x 

(multiply) key, then 

key in 55, Press = key 

(display shows 5610) 

Press ~ , then 100 and 
to give 56.1 [L]. 


What is the growth of 
£800 invested at 5% 
compound interest 
for two years? Press 
C; press 1 then 
(decimal point), then 


O followed by 5 to 
display 1,05 [M]. 
Press (to make 1.05 
the constant). Press 
to give 1.1025 [N], 
the square of 1.05 


the total inter 
est rate at the end 

of two years. To find 
the new value of the 
investment, multiply 
by 800: press x then 


8, then 0 and 0 
again [0]. Finally 
press = to give the 
result £882 [P], Simple 
interest would 

Yield only £880 


Everyday machines and mechanisms: 4 


Two of the most useful devices ever invented 
for commerce - and increasingly for home 
use — are the typewriter and the electronic 
calculator. Both are based on the work of 
past inventors and engineers who designed 
and built a huge variety of such machines. 
The origins of the typewriter [1] can be 
traced back to a patent granted to the 
Englishman Henry Mill by Queen Anne in 
1714, But the world had to wait until 1874 
for the first commercially successful machine 
a Remington ~ which evolved from one 
made in the USA by Christopher Sholes 
(1819-90) in 1867. The first electric type: 
writer was marketed in the mid-1930s, 
Pocket calculators [2] owe their existence 
to the recent rapid development of tiny integ- 
rated circuit “chips”. These incorporate 
transistors, invented in 1948 by three 


American scientists, John Bardeen 
(1908- ), Walter Brattain (1902- ) and 
William Shockley (1910- ), who were later 


awarded a Nobel prize for their work, The 
same technology permits the present genera- 
tion of computers to be smaller, more reliable 
and more powerful than their predecessors. 


{ 


8 


© © 


A 


1 Modern mechanical 
typewriters [A] all op: 
erate using the same 
basic principles [B]. 
whether they are 
portables or desk 
models. A key [1], 
labelled with the 
character to be typed, 
is tapped and this 


action moves a chain 
of linked levers that 
results in the upward 
movement of the ap- 
propriate type bar [2]. 
The paper [3] is 
wound on a cylinder 
or platen [4], which 
long one chi 
a time during 


typing. An inked rib. 
bon is forced against 
the paper by a metal 
character at the end 
of the type bar, so 
printing a letter on 
the paper. As the 
type bar falls back, 
the carriage moves 
one character-space 


to the loft. At the 
end of a line the 
typist moves a 

lever that shifts 

the carriage to the 
right and at the 

same time rotates the 
paper-carrying cyl 
inder round one space 
line. The electric 
typewriter [C] was 
developed to reduce 
the manual labour of 
typewriting. In its 
mechanism [D] a light 
depression of a key 
15] makes a cam [6] 
contact a drive rol 

ler [7] powered by a 
constant-speed motor 
[B]. The cam is drawn 
upwards and the at 
tached cam lever [9] 
moves back, forcing 
the type bar [10] up: 
wards against the rib. 
bon and so mark 

ing the paper. The 
force of the typing 
strokes — unlike a man 
ual machine ~is not 
dependent on the 
pressure applied by 
the typist and so 
even typing results. 


(O 
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Codes, cyphers and secret messages 


There are many ways of communicating 
besides speech and writing. Some are secret, 
others open. Examples of the former are 
military and diplomatic codes and cyphers; of 
the latter, commercial codes, Morse code, 
semaphore, flag codes, Indian smoke signals, 
jungle drums and braille used by the blind. 


‘Concealment and disguise 

Many ways of concealing messages exist, but 
basically the plain-text can be disguised in 
two ways. The first is by steganography, 
which conceals the message's very existence 
by writing it in invisible ink [1], or reducingit 
either to a microdot about the size of a full 
stop (by photographing it through the wrong 
end of microscope) or to a micropulse (by 
recording its transmission at higher and 
higher speeds). A message can also be 
arranged in such a way that the first or last 
letter of each word in an apparently 
innocuous text spells out a real message. 

The second way to disguise plain-text isto 
transform it in one of two fundamental ways. 
The first is by transposing the letters of the 
message in a prearranged order to make a 


cypher [9]; the second is to substitute the let- 
ters of the plain-text by other letters, num- 
bers or symbols to form a code. 


Forms of codes 

A code, as distinct from a cypher, involves 
the substitution of prearranged code words, 
code numbers or code groups for words, 
phrases or syllables. The trilingual interna- 
tional commercial code in English, French 
and Spanish invented by Marconi, for 
example, has five-letter groups representing 
common words in each language 
(UVYDU-=railway sleeper, traverse, 
traviesa), The groups are recorded in a 
dictionary and are used to save telegram 
costs. This type of code can be secret or open, 
but military or diplomatic codes based on this 
principle have to be further disguised to 
make them secure. An example is the 
military one-time pad code used by the 
British during World War II. 

In this, to send the message “To the C- 
in-C; Tanks will move tomorrow at dawn", 
the sender looks up the basic code which con- 
tains a list of words and phrases commonly 


es 
with this juice [B] 
will be invi 
but can be re: 


Potato juice to the 
‘Most sophisticated 


F 
E 


< 
End of message 


4 Semaphore makes = 6.00, F = 6,15 and so 
use of two flags or on. Semaphore was 
lightsto send mess- originally designed 

ages andis basedon to communicate over 
the circular movement a short distance 
ofthetwohandsofa where the sender and 
clock. The angle of recipient could see 
the flags, which each other but were 


ict 
should be held with 
straight arms, stands 
for a letter of the 
alphabet. B = 6.45, D 


out of earshot. It 
was used extensively 
during the Boer 
War (1899-1902) be- 
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Staring 
massage 


face down on plain 
paper, then a message 
written on the plain 


Finishing 
message 


other dark dust has 
been scattered on to it. 


England 

Expects 

2 Single coloured 
ised by 
nd speci 


fied messages. A 


26 different designs 
that relate to the 


= 
A 

N 
TH 
iY 


Made a mistake 


fore wireless made 


is imperative, Rail sig- 
have semaphore 
part of 

the points mechanism, 
to enable drivers 


used in military operations, thus: “To the C- 
in-C=5475; Tanks will move=9835; 
Tomorrow = 4439; At dawn = 7463". Since 
code books are liable to loss or capture, it 
would not be safe to send this message as 
5475:9835:4439:7463, Frequent repetition 
of such phrases as “to the C-in-C” would 
soon be identified and the code cracked. It is 
therefore necessary to disguise these four- 
figure groups. The safest way of doing this is 
for both sender and recipient to have what is 
known as a one-time pad on each page of 
which are columns of four-digit groups 
printed at random. The sender indicates the 
Page, column and line where the message is 
to start, thus: 1549, which would mean page 
15, column 4, line 9. If the next four groups 
beginning on page 15, column 4, line 9 are 
4431:7628:5016:4881, the code text to be 
sent (5475;9835:4439:7463) is written 
down and to each group are added the figures 
taken from the one-time pad, ie: 
4431:7628:5016:4881 
5475:9835:4439:7463 


1549:9906;7463:9455:2344 


= 


YH EDD LAS 


o 


BSEAGZGAFLAS 


of Nelson's famous 
“England expects” 


tart of the battle 
of Trafalgar (1805), 


5 In Morse code let- 
ters are represented 
by combinations of 
dots and di hes in- 
vented by 
Morse (1791~ 72) in 

about 1837, it is signal- 
led by a light or buzzer. 


CONNECTIONS: 


> 


= e 


c 


= 


EOEOEPL OAS 


< 


3 Deaf and dumb sign 
language is a system 
in which the fingers 
and hands are used 
to illustrate the 

letters of the alpha- 


bet. The one-handed 
‘system is most com- 
mon, although a two- 
handed version is 


ions, which 
fast as normal 
h, reserving 
formal hand sign- 
als for difficulties. 


To decode, the recipient subtracts the one- 
time pad groups from the groups received; 
then refers to a code “dictionary” 


Cyphers and secrecy 
Simple substitution cyphers afford little 
Protection since substituting one letter or 
symbol for one letter of plain-text reflects the 
frequency of letters occuring in the language. 
To encypher the message “Tanks will 
move tomorrow at dawn” by a simple letter- 
for-letter substitution cypher based on the 
following key: 
Plain-text abcdefghijklmnopqrstuvwxyz 
Cypher-text monseratbedfghijklpqzyxwvu 
the result is as follows: 
Tanks will move tomorrow at dawn 
qmhdp xbff giye qigillix mq smxh 
A further elaboration that helps disguise 
the letter frequencies is the bigrammatic 
Playfair system in which the message is first 
split up into groups of two letters regardless 
of word breaks and then changed according 
to the following rules. Letters of the alphabet 
are arranged in five columns of five letters 
each (I and J occupy one space), ie 


6 Thomas Jefferson 6, 
(1743-1826) devised 

a wheel cypher con- 
sisting of 36 wheels 
that can be assembled 
in any order. Upon 
‘ach of them the lot- 


of different combi- 
nations this gives 
‘amounts to many 
millions. tt was by 


is the basis of some 
modern machines, 


AAN T 25 


normally 


10 Pencils or cigar- 
attes can be used to 
make a simple trans- 
position cypher. 
Write a message on 
a narrow strip of 
paper wound in a 
spiral round one and 
send it off. The recei- 


2 3 a- Like TH, W is also 


\ 5 


Transformer printed and'in 


‘SPEC 
aren TRUM" [B]. The L R| 
letters of the code 


key 


am 


ROWE 


ON 
AT 
FG 
LP 


Orva 
a 


VWXYZ 

If the two letters of the groups form the 
diagonals of an imaginary square within the 
five columns, the letters at the opposite sides 
of the square are chosen (plain-text 
NK = cypher mp). If they are on the same 
line, then move one letter to the right 
(TA =bt). If they occur in the same column, 
then the letters immediately below 
chosen (WA = of). To encypher “Tanks will 
move tomorrow at dawn" the letters are 
written out; TA NK SW IL LM OV ET OM 
OR RO WA TD AW NX and the 
encyphered text will read: bt mp oy fu ko mw 
neno ma am of rg fo tn. 

An efficient way of preventing wire- 
tapping is to shift the frequency of the sounds 
of speech, or scramble. Time Division 
Scrambling (TDS) cuts the stream of speech 
into split-second portions and shuffles them 
by first tape recording the conversation and 
then picking off segments in jumbled order. 


7 The Enigma cypher 
machine, invented in 
the 1920s by Arthur 
Scherbius, handled 
the Germans’ most 
secret information 
during World War 

1. it had a key- 

board like a type- 
writer's but the keys 
were interconnected 
electrically so that by 
pressing a b, say, it 
printed an x. This 
coupling was 
changed constantly 
so ther 
any consistency of 
nship between 
key hit and letter 
produced, First the 
‘message was typed 

8 Braille consists of and scrambled by 

a different pattern Enigma and then sent 
of raised dots for by Morse. The recip- 
each letter. Both ient fed the garbled 
hands are used to words back through a 
read it, The right similar machine to ob- 
hand picks up the tain the correct mes- 
message, the left feels sage out ~ provided 
forthe beginning of he knew the original 
the next fine [B]. links between letters. 
All the dots fit 


Giovanni Battista 
Porta (1535-1615), 
an Italian physicist- 
inventor, produced 
one of the earliest 
substitution cyphers. 
He used symbols to 
replace letters and 
figures. The symbols 
were chosen by turn- 
ing the pointer in the 
centre to the neces- 
sary letter or number 
inthe two outer rings, 
then reading off the 
corresponding symbol 
in the inner ring. The 
could be 


rotating the discs 
themselves relative to 
other, according 
to a prearranged 
schedule. The lines of 
symbols below ti 
disc spell out the 
ventor's name 
‘somewhat simpler 
version was invented 
by Leon Battista Al- 
berti (1404-72) re- 
garded as the "father 
of cryptography". 


into a six-space 9 
“domino” pi 

C1-4 shows the A 
difference between 
D, N, Y and TH. 


a special combination. 


numeral sign [A]. 


9 Simple transposi- 
tion of the letters: 


by writing 
it in rows [C] be- 


neath a code word, 
in this case 


word are numbered 
according to their pos- 
ition in the alphabet 
(for SPECTRUM it is 


message is written 
in the order of the 
numbered columns 
[E]. To decipher, 

you need only 

know the code word. 


LE ROI EST MORT VIVE LE ROI 
o A 

core S|PTEICITIRIUIM, 
LTE PRIOPITENS| 


P gengt 6f-i21 7 pot ets i 
[D]. Then the 


“OTORARTEXEOEEIX LML IVI SVX 
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Communication through writing: 1 


Writing is an essential ingredient in all but the 
most primitive civilizations, It is not only one 
of the most important means of communica- 
tion, but until recently it was the only one 
able to defy time; the presence of written 
records is usually held to mark the watershed 
between history and prehistory 


‘The earliest known scripts 
Palaeolithic man’s cave paintings may have 
been an attempt to convey his ideas; 
communication by means of pictures is a 
recurrent feature in primitive societies [1] 
From this it is only a short step to picture- 
writing, in which a circle, for example, may 
represent the sun. Ideograms are a natural 
progress from picture-writing with the circle 
of the “sun” representing related ideas such 
as “heat”, “light” and, eventually, “day” 
Ideograms form a recognizable feature of 
such diverse writing as Mayan “glyphs” [2] 
and the mysterious script of Easter Island in 
the Pacific Ocean [3]. They can still be recog- 
nized in much more sophisticated writing sys- 
tems such as Egyptian hieroglyphics [4]. Of 
its 600 signs some are words (“man", 


BALERI 
WEY ARIYI 


ie; 0 


Se fra 
or rey spits 
AURIE EIRES F DIUEIM 


I te teen PEF 
AEP WAT TEM Ae 


“look”), some determinatives that indicate 
how the preceding signs are to be understood 
(for example, as an abstract idea), whereas 
still others are used for syllables and single 
sounds, thus foreshadowing a true alphabet 
The earliest known script that can prop- 
erly be called writing was devised by the 
Sumerians in the fourth millennium BC. The 
cuneiform (wedge-shaped) script derives 
ultimately from ideograms, but soon became 
a system of conventionalized characters, each 
having a distinct phonetic (sound) value [5]. 
Most important of the non-alphabetic 
scripts is Chinese. Its characters, derived 
from ideograms, each represent a complete 
word, with the result that the Chinese scholar 
must be conversant with about 9,000 diffe- 
rent symbols whereas everyday writing uses 
as many as 1,500 to 2,000 characters [6], 
Most characters are compounded from a rad- 
ical element, giving the meaning, and a 
phonetic element indicating the pronuncia- 
tion. The phonetic “fang” when com- 
Pounded with the radical “tree” gives the 
character for “timber”; whereas when com- 
pounded with the radical “word” it produces 


1 The wampum belts 2 
used by North Ameri 
can Indians conveyed 
messages by means 
of pictures. Here the 
two figures repre 
ont the Moqui and 
president 
USA; the Moqui 
offering friendship 
and negotiation. 
These belts are 
better classed as 
“mnemonics”, that 
aids to the speaker, 
than as writing in 
the form of pictures, 


2 The Maya had a 
highly developed 
writing system, but 
their manuscript 
RADY: were almost totally 
destroyed by the 
Spanish invaders. 


3 The script from 
Easter island (as yot 
undeciphered) has 
carved characters 
incised on wood 
with a shark's tooth. 


the character for “to enquire”. Traditionally 
Chinese was written right to left in columns; 
today it is usually in lines from left to right 


The development of the alphabet 
Picture-writing and ideographic scripts arose 
independently in different parts of the world. 
In contrast the alphabet was probably 
invented only once, by the Semitic people 
inhabiting the Syria-Palestine area in the 
latter part of the second millennium BC. This 
first alphabet (North Semitic) consisted of 22 
characters, each representing a consonant, 
written right to left [7]. It had two main bran- 
ches, one of which led directly to classical 
Hebrew and Aramaic and, indirectly, to 
Arabic. In its present form Arabic consists of 
28 letters and is the most widely used 
alphabet in the world apart from the Latin 
alphabet [9]. All these alphabets are conso- 
nantal and written right to left 

In the spread of the alphabet eastwards, 
the role of Aramaic, the lingua franca of the 
Middle East for several centuries from the 
sixth century BC, was crucial. It is from this, 
most scholars now believe, that all the vari- 


AR Vang ih 
SNE HO 
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k | Pp e AT E e EM <ET 1K 
FU [D(C Go] | kra Pom Dre Tey Tie) io 
a HH | Ancient eld |e 
ae saty rast te GE dC nF VCore 
E ean] = Phonetic i Th | | Wa) | mæ Tate) | 
+ Pey | | 
30-2300 byo- aio | eima | eao |as Ancient 
m Delelr E |e e| I lM E 
paces sae thededueea, | Prete nc) T ote) | wel | Wo) | way Tey 
leroglyphics, more cursive (rap- cannot be deduce an 
“sacred carvings” idly written) form Shown here are the pae: KE | EI = TE | EG GiS 
familiar from tem- was soon developed changes in five hiero- 5 Es ` Aai 
ples and pyramids, tor writing on papy- glyphs and their equiv- Phonetid _t(u) te) ve) wa TO) a(o) 
is the earliestform  rus—known as hier-  alents in book script. Ancient — 
of Egyptian writing, ic. A highly cursive _hieratic and demotic. Pesan, W| KT Gi JE Kd | Ie [TT 
first us form of the same lang- The first two a Promdi oi) | Wnt Ti aye meren A. 
BC. It underwent uage, known from phonetic, ms and mh 5 2? | divider e fom cl <í 
no substantial modifi- 600 BC, is demotic respectively; 3 means ncen EE = 
cation in the three (of the people) al Jaco [4< ERE | an URG <<< 
thousand years of though the derivation 
its history, but a ot most of its signs P 
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CONNECTIONS: 


5 The wedge-shaped 
writing known 
cuneiform was deve- 
loped because of the 
ease with which such 
strokes could be im- 
printed on wet clay, 
the normal writing 


material used for 
this script. This ex 
ample is of a rela. 
tively late cunei- 
form script deve: 


500 BC, The external 
form of the script 

is the sole connec- 
tion with the earlier 
ideographic cunei- 


The 42 signs 
shown were created 
from the Neo- 
Babylonian model 
36 of these have the 
value of either a 


vowel or a vowel 


ideograms and two 
are word dividers, 
The script was writ 
ten left to right. 


ous alphabets used in India and South-East 
Asia ultimately derive, both the angular 
forms such as Devanagari and Sanskrit and 
the round forms such as Burmese [8]. 

The other main branch of the alphabet 
was brought to the West by the Phoenicians, 
reaching the Greeks by about the ninth cen- 
tury BC, It is certain that the Greeks derived 
their alphabet from North Semitic, for 
example, in the Semitic alphabet each letter 
was given a name: aleph “ox”, beth “house”, 
and so on, These were taken over by the 
Greeks as alpha, beta, etc (thus giving our 
word “alphabet"), although they have no 
meaning in Greek. The Greeks made one 
fundamental innovation: the introduction of 
vowels. Their alphabet came to consist of 17 
consonants and seven vowels. 


The classical Latin alphabet 

The Greek alphabet reached the Romans 
through the Etruscans and resulted in the 
classical Latin alphabet of 23 letters, the 
parent of the present-day Western alphabet 

Subsequent changes have been limited to the 
introduction of w and of separate forms for i 


8 Russian 


MACN MCNOIDIOBANNA KHANTOBLIX CHCTEM jan PE 
pazmonomn okasatach NeekMA MIOTOTROpHOÑ M 
neaoerwansie Jan OGLEMKOM PAAKOTEXHUNKA Peay. 


Eroe: Gisa aws 


oc a, RODS © i A, 
QC EP YAV nivoa 


Greek 


“O "OSveceds xal ol odveporpor aðtoð 
Mota, tà drota haav maven Aapúpwy, &7 
Tpwáðoç, émOvpotvres và pOdawatv dco 


Hebrew 


n= DPPC? YITY pa 72 TPP ONT 
MANN ing Ty PTT PINY OX MEW 


Sanskrit 
area aa èd am aan arii: 
meas: ief: aranin sfa ear: 


and j, and før u and v. The important part 
played in the dissemination of this alphabet 
by the Roman Catholic Church is clearly 
shown by the scripts of the Slavonic peoples; 
those converted to Roman Catholicism 
(Poland) use the Latin alphabet whereas 
those converted to the Greek Orthodox 
religion (Russia) use the Cyrillic alphabet. 
Cyrillic, invented in the ninth century and 
traditionally ascribed to St Cyril of Byzan- 
tium, consists of 24 letters taken over from 
Greek uncial (a form of writing in rounded 
letters) to which 19 new characters have been 
added. 

An ideal alphabet should consist of sym- 
bols that are distinct and easy to remember, 
but at the same time capable of representing 
all significant speech sounds. In our alphabet 
the first requirement is admirably fulfilled, 
but the second much less so. In English, for 
example, five vowel symbols must represent 
12 vowel sounds and eight diphthongs. Some 
modern languages compensate for this 
limitation by introducing additional, disting- 
uishing marks, such as the umlaut that is used 
in Germanic languages. 

6 it is generally 
p) ‘accepted that Chi- 
nese characters are 

composed of eight 
basic strokes, all 
of which are to be 
found in the charac- 
ter “yung”, meaning 
eternity. The dia- 
gram shows the se- 
quence of strokes by 
which the character 
evolves (with the 
arrows giving the 
direction of the 
brush-strokes), 
Chinese writing is 
painted with a brush, 
often on silk or some 
similar material. It 
is said that Wang 
Hsi-chih, the fourth- 
century calligrapher, 
took 15 years to per- 
fect this character. 


7 The development 
of the modern alpha- 
bet from North Semi- 
tic, to Greek, Etrus- 
can and Latin is 


2 
N 


illustrated here. 
Chinese 
JE = th B ot 
WaN F 
ARE 'ER 
ea E E EEN 
wwe E a fk 
° a MY OM wy 
eee ? id 
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sh eR R g 
i i Oo 4 dk if 
oe Ce iS 
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- 2 ik 2 oa T 
EEE EEE we 
R h R= A 
WRA SRE 


met a te 


wag miami n ee me: Ra ATT HERTTaT  dag fong 


scripts used in SE 

alpha- Asia; modern Greek 
print, essentially 

rivative of By- 


st my 
bet of the cynic 
family; Burme 


zantine minuscule; 
modern Hebrew, 
which is written right 
to left; Sanskrit, ult- 
imately derived, 
Burmese, from 


Aramaic (Devana- 


y North. Semitic Greok Etruscan 
Emt anf hoeniclan, eariy 
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9g |9 |S |B 
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Iw w e |e] ¢ 
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VaR mam eee wre: OCN 


ney 


As seen in this 
diagram of the his- 
tory of the alphabet, 
North Semitic is the 
precursor of all alpha 
betic writing systems, 
but no link has yet 
been established be- 
tween it and Egyp- 
tian hieroglyphics 

or cuneiform writing, 


SI BE RIPARIS IEK. Aahe 
dee ee lel, 


ERIA ENEA 
algah, 


Ar 
E 


N 
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£ 
<p VO ZITA - I OnmoND> 


| ety |ctanieat | Roman 
raed 
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B 

Vag 

q | D 
a |E 
3 F 
G 
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1 
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9 Classical Arable 


consonantal 


script hat ia 
written right to left 


10 Runic writing, 
found on artefacts in 


Britain 


d Scandin- 


avia, dates from the 
3rd to the 16th cen- 
turies, Its origins are 


Communication thro 


Over the centuries man has employed a tre 
mendous variety of materials to write on 
Hard materials, mainly stone but also metals, 
were incised with a sharp instrument, Soft 
materials might also be incised, as were clay 
tablets in Mesopotamia [1] and the wax 
covered tablets of the Greeks and Romans 
[4], but were more often written on with pen 
and ink or painted on with a brush. Leaves, 
bark and textiles also 
although the principal 
papyrus, parchment and paper 


have been used, 


materials were 


The Egyptians were writing on papyrus as 
early as 3000 BC and it remained in use as a 
writing material for 4,000 years. Papyrus was 
made out of strips cut from the stem of the 
papyrus plant, one set being laid with the 
fibres running vertically and a second set 
placed on top with the fibres running 
horizontally. Pressure was applied to bond 
the two sets together to form a sheet and a 
number of these sheets were then glued to 
one another to form a long strip that could be 
wound into a roll 


1 This seventh- 
tury Babylonian 
tablet is a calendar 
listing the lucky and 
unlucky days of the 
year. Cuneiform 
writing was orig 
inally inscribed on 
clay with a specially 
cut reed stylus. 


jä 


3 


3 The finding of the 
Dead Sea Scrolls scrolls and those 

in the Qumran area in the New Testa 
since the 1940s ment. Itis now ac 

has aroused consid. cepted that the 
erable interest, prin- scrolls antedate the 
cipally because of Christian era and 

the close relation that they belonged to 
ship between the lan sect of Essønes. 
guage and theideas Many of them contain 


to be found inthe 


r EAEE 
+HORGUPHOAR 
CP PCYPHAKT 
OX EP AUNA 
WMO BRS! 
Peg A SAR mH o 
Deru p tao 


ALEEA 


ugh writing: 2 


During the first four centuries AD the roll 
was gradually superseded by the codex. In 
this format several leaves of writing material 
(“folios”) were folded down the middle and 
then sewn to other sets or gatherings, in much 
the same way as most modern books are pro- 
duced, The new form began to predominate 
at the same time as parchment began to 
replace papyrus as the most common writing 
material. Animal skins could be prepared for 
writing by tanning, which produced leather 
[3], or by tawing (soaking in a solution of 
alum and salt), which produced parchment. 

Paper is traditionally supposed to have 
been invented by the Chinese in the first cen- 
tury AD. The earliest paper was made of rag 
(paper made from wood dates from the mid: 
nineteenth century), The pens used in early 
times were normally made from reeds and 
the ink was carbon based using, for example, 
lamp-black. Later, metallic ink was used and, 
by the sixth century, quill pens 


Deciphering early scripts 
The decipherment of ancient scripts is obvi- 
ously most difficult when the |; 


uage is 


2 The papyrus roll 
was the usual wri 
ting material in the 
eastern Mediterran. 
ean area for 4,000 
years. This letter 

on papyrus (third cen: 
tury BC) complains 
that a previous 

letter has been eaten 
by mice. Many works 
of Greek literature 
are extant only on 
papyrus and it is 

the material on 
which the earliest 
manuscripts of the 
New Testament sur 
vived. It is found 
only in Egypt and 

in the Near East 


books of the Old 
Testament, others 
regulate the sec: 
tarian discipline of 
Essenes. A few are 
written on papyrus 
but most are written 
on leather and nearly 
always inthe 
Hebrew language 


5 Linear B, tho ar 
chaic Minoan script, 
was deciphered by 
Michael Vontris us 
ing a grid [A] on 
which, according to 
known or supposed 
phonetic values, the 
different symbols 
used in the Minoan 
clay tablets were 
plotted in squares, 


each symbol being 
assumed to represent 
a syllable, consonant 
plus vowel. After 
many trials, the lan. 
guage turned out to 
be Greek, This frag- 
ment of one of the 
inscribed tablets 

(c. 1400 BC) [B] in- 
cludes vertical strokes 
denoting numerals. 


2 


unknown and it generally depends on the dis- 
covery of a bilingual document with one text 
in a known language. Thus the Rosetta Stone 
[Key], inscribed in Egyptian and Greek, en. 
abled Jean Champollion (1790-1832) to 
penetrate the mysteries of Egyptian hiero- 
glyphics and restore knowledge of a language 
that had been lost for 1,500 years. Similar 
bilingual texts made it possible to decipher 
Sumerian cuneiform. Even when such conve 
nient documents do not exist, ingenuity 
sometimes triumph. In the 1950s, Michael 
ntris (1922-56), using techniques learned 
while code-breaking during World War Il, 
deciphered the Minoan syllabic script known 
as Linear B [5]. 

Even when the language is known 
considerable problems of decipherment 
remain, especially with examples of writing 
on soft materials extending over several hun- 
dred years. Styles of writing naturally tend to 
change, sometimes radically, (An exception 
to the rule is Chinese, the calligraphy of 
which has remained essentially unaltered for 
some 2,000 years.) In Greek, for example. 
the development from monumental capitals 


CONNECTIONS: 


See aiso 


6 Codex Sinaiti- 6 
cus, a fourth-century 
manuscript of the 
Bible, is written in 
Greek uncial or bib: 
lical majuscule 
script which is a 
rounded form of the 
capital script used 

in inscriptions and 
the source of the 
Cyrillic alphabet. 

The manuscript was 
found in the last 
century in a monas: 
tery on Mt Sinai by 
Konstantin Tischen. 
dorf (1815-74) and 
was eventually pur- 
chased by the Brit: 
ish Museum. Itis 
written on parchment 
of a fine quality, 


4 This wall paint- 
ing from Pompeii 
(first century AD) 
represents a lady 
holding wooden tab 
lets and a stylus. The 
tablets were cover 
ed with wax, then 
incised with a sharp: 
pointed stylus and 
finally all bound to- 
gether, The codex 
form, which at about 
this time began to 
replace the roll for 
works written on pa- 
pyrus and parchment 
and which resembles 
the pages of a mod: 
ern book, may have 
developed from this. 


to the uncial (rounded characters) of the 
early biblical manuscripts [6] is readily 
detectable. But it is difficult to see any 
connection between these scripts and the cur- 
sive script with its typical flowing characters 
employed in a papyrus of the third century 
BC [2], or between the latter and the minus- 
cule, or small letter script, used in a Byzan 
tine manuscript 700 years later [7] 


Development of writing styles 
Development of writing styles is to be seen at 
its most diverse in Latin script [10]. In majus- 
cule (capital letter script), the lettering of 
inscriptions of the classical period shows a 
clear connection with modern capital letters, 
a connection still easily seen in the rounded 
version (uncials) used in parchment manus- 
cripts from the fourth century [9]. However, 
the Latin script on papyrus and wood from 
the first two centuries AD [8] bears little 
resemblance to our own alphabet. or even to 
the minuscule used for everyday writing from 
about AD 300, A direct descendant of this 
minuscule is the script known as Carolingian 
minuscule. This simple and clear script soon 


Doar rank eee 
Sr a sleet 
ea 


10 Monumental capi- 10 
tal [A] is the type 
normally found in 
inscriptions and re- 
sembles modern 
capital letters, It is 
from minuscule cur- 
sive [B], of the fourth 
century AD, that 
small letters orig 
inally derive. Caro 
lingian minuscule 
[Ci was a deliberate 
innovation of the 
period of Charle- 
magne (c. AD 800). 
Its clarity and sim: 
plicity won it ac 
ceptance as the 
script in regular use 
throughout wastern 
Europe. Twelfth 
century Gothic min- 
uscule [D] is some- 
times known as black 
letter. The letters 
are in basically the 
same form as in 
Carolingian minus 
cule but have become 
more angular over 
the centuries with 

a considerable 
loss of clarity. 


PHILEMATI 


became the accepted form for writing books 
throughout Latin-speaking Europe. At the 
same time it came to be written with 
increasing angularity, so that by the thir- 
teenth century it had developed into Gothic 
or black letter script 

When printing was invented in the West, 
Gothic was the script employed for the first 
books. In Italy, however, fifteenth-century 
humanists reverted — in conscious reaction to 
Gothic — to a script based on ninth-century 
Carolingian and this was ultimately to 
become the universal script of western 
Europe (although in Germany this did not 
occur until the present century). A Carolin- 
gian hand, therefore, is immediately 
recognizable as being in essence the script of 
modern print. 

With the invention of printing the history 
of manuscript books ends, but styles of 
writing used in documents and letters con- 
tinue to develop, The increasing literacy 
throughout the world has meant that today 
there are not just one or two recognizable 
styles of writing but countless individual and 
idiosyncratic variations 


7 This Byzantine 8 
manuseript, dating 

from the ninth cen: 

tury AD, is written 

in Greek minuscule 
script, which ult- 

imately derives from 

the cursive writing 

on the third-cantury 

BC papyrus, 


8 A Latin writing 
tablet from Vindo. 
Janda, a Roman fort 
in the north of 
England, records 

a list of military 
stores. itis part 

of a ramarkable arch 
aeological discovery 
of wooden tablets 
written in ink, the 
first of which were 
unearthed in 1973. 
The script is the nor: 
mal everyday Latin 
writing of the second 
century AD, des: 
cended from monu- 
‘mental capital but 
written much more 
fluently and rapidly. 


Key 


11 Chinese is not 
an alphabetic or 
syllabic script; it 
employs a different 
character for each 

word and therefore 
a special typewriter 
has to be used. This 
consists of a tray, 

which contains the 
2,000 characters in 
regularuse, anda 


9 This manuscript 
is an example of 
Latin uncial writing 
and datos from the 
sixth century AD. 
The script is a 
rounded form of the 
capitals found in 
inscriptions; it 

was also adapted 


normal typewriter 
roller. Both parts are 
movable, enabling 
the roller to be po- 
sitioned over the 
character required, 
which can then be 
typed. Itis neces 
sary to move the 
roller along the 

rows and columns to 
the next character 


The Rosetta Stone 
was found by Napo 
leons Egyptian ex- 
pedition in 1801 and 
is now in the British 
Museum. The stone 
contains the text of a 
priestly decree (c. 
197 BC). The stone 
provided the key to 
the decipherment of 
Egyptian hierogly- 
phics and opened the 
way to the develop 
ment of Egyptology 
as a scientific study. 
The top partis 
written in hiero. 
alyphics, the middle 
in demotic and the 
lower in Greek. Com- 
parison of the Greek 
with the hieroglyphic 
eventually enabled 
the latter to be de 
ciphered. A major 
step was the recogni 
tion that charactors 
inside circles, known 
as cartouches", 
represented the 
names of the 

rulers of Egypt. 


for writing on parch- 
ment manuscripts. 

It was in regular 

use from the fourth 
to the eighth cen- 
turies, but remained 
generally popular for 
headings and titles 
for considerably 
longer than this 


required and so on. 
Additional charac 
ters are contained 
in separate trays 
and must be picked 
up individually and 
positioned beneath 
the roller as re- 
quired. The appar- 
atus resembles 

a primitive 
printing machine. 
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History of printing 


Movable metal type was probably first pro- 
duced in the Royal Type Foundry of Korea in 
1403 and a book was printed from this type 
six years later. But not until 1439 is there evi- 
dence of printing, as we know it today, in 
Europe. It was a German, Johannes Guten 
berg (1400-68), working in Strasbourg, who 
developed printing using movable type 


Early printing methods 
In the year 1456 the first substantial printed 
book appeared. This was a Latin Bible 
printed in Mainz, almost certainly by 
Johannes Gutenberg and his associates [2] 
How Gutenberg manufactured his type is not 
known and it was not until 1540, in Vanoccio 
Biringuccio's book De la pirotechnia, 
printed in Venice, that there was a descrip- 
tion of typefounding. Type was made by 
pouring molten metal into a copper matrix or 
mould formed by punching an engraved steel 
character into a piece of copper 

From the days of Gutenberg there were. 
for many centuries, no significant changes in 
the basic methods used for printing. Metal 
type was set by hand into pages known as 


1 The woodeut was 
developed from the 
early 15th century 
onwards to produce 
devotional prints 
and playing cards. 
The artist cuts away 
the part of the de 
sign that is to 
appear white, so that 
only the parts to be 
inked appear in re- 
lief [A]. The block 

is cut along the 


4 Typefounding 
is the process of 
making individual 
pleces of type by 
casting motten type 
metal into moulds. 
Type metal is an 
alloy of tin and 

lead, with added 
antimony for hard: 
ness. In this Vic- 
torian typefoundry 
dozens of workers 
operate individual 
machines belt-driven 
from a shaft running 
the langth of the 
room. Single casting 
of individual type 
was superseded by 
the linotype machine, 
which casts a 

whole line at once. 


grain using well 
seasoned wood from 
apple, pear, cherry, 
sycamore or oak 
trees. Some early 
woodcuts were hand- 
coloured but prints 
can be produced 

by using a series of 
blocks. A variety 

of tools were used, 
such as the English 
knife [B] and the 
Japanese knife [C] 
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formes and these were inked and printed on 
to single sheets of paper in a hand press 
[Key]. The first change came in 1795 when 
Firmin Didot (1764-1836) tested ways of 
making duplicate printing plates 
(stereotypes) from set type 

Three years later lithography was 
invented by Aloys Senefelder (1771-1834) 
of Munich. While seeking a practical method 
of printing musical scores he tried drawing 
the music in reverse on a flat slab of stone. 
using an ink made of wax, soap and lamp: 
black. His original idea was to etch the stone 
with acid but his experiments led to an 
entirely new printing process based on the 
mutual repulsion of oil-based ink and water. 


From plates to printing machines 

Didot's stereotype process was perfected in 
1800 by Charles Stanhope, third Earl 
Stanhope (1753-1816), who used plaster of 
paris to make the moulds of the set type. 
Molten metal was then poured into the 
plaster moulds to produce solid printing 


plates, a whole page at a time. In 1806 
Anthony Berte of London invented a 
2 The first sub- This illustration, 


stantial book printed 
from movable type 
was the Latin Bible 
published in Mainz, 
Germany, in 1456. 
This remarkable book 
had 643 leaves, each 
page printed in two 
columns of 42 lines. 
Known after its 
celebrated printer, 
Johannes Gutenberg, 
as the Gutenberg 
Bible, itis not 

only the first major 
product of modern 
typography, but is 
still among the 

finest examples of 
the printer's art, 


taken from a page 
of the Bible, shows 
the typeface used 

by Gutenberg. This 
face was known as 
Textura and it 

was cut to resemble 
the manuscript hand 
used in the 15th 
century in Germany 
to prepare hand 
written Bibles and 
church service books. 
The Gutenberg Bible 
was printed inten 
sections on six pres 
898 at once, the edi 
tion running to 150 
copies on heavy paper 
and 30 on fine vellum, 


5 Letterpress print- 
ing includes the platen 
press [A] in which 
paper is pressed up 
against the inked 
image. The paper in 
the flat bed press 

[B] is laid onthe 
image and pressed 
down by roller. The 
rotary press [C] has 

a curved image on 
one roller, the paper 
passing between this 
and a pressure roller. 
Metal type [D] has a 
face [1], a shoulder 
12], a body [3], a 

foot [4] and a nick 

[5]. Zinc blocks [E] 
have unwanted metal 
[6] etched away from 
round the design [7]. 


mechanical device for typecasting, using a 
pump to force molten metal into the matrix. 
In the meantime Friedrich König 
(1774-1833), a German printer who moved 
to England in 1806, built the first successful 
printing machine in which a series of leather- 
covered rollers, fed with ink from a con- 
tainer, automatically inked the type as it 
travelled to and from the printing platen. 
Except for the laying on and removing of the 
paper from the platen, this steam-powered 
press was automatic. In the following year 
König designed a cylinder printing machine 
in which the type forme was fixed to a bed 
which first under leather-covered 
inking rollers and then under a cylinder 
around which the paper was held. Soon after 
the first single-cylinder machine was success- 
fully demonstrated in London two machines. 
each with twin cylinders, were manufactured. 


moved 


Nineteenth-century progress 

In 1816 an Englishman, Edward Cowper 
(1790-1852), secured a patent for a method 
of bending stereotype plates for rotary 
printing, the plate first being cast flat in a 


3 


3 The first sett- 
inking treadle platen 
press was designed 
and built by an 
American, Stephen 
Ruggles, in 1839. 
This improved de: 
sign built by him 12 
years later became 
the model for the 


popular jobbing 
press. In this machine 
the forme of type is 
clamped in a near- 
Vertical position, 
Above the forme is 

a rotating disc that 
serves to distribute 
the ink. Three com. 
position rollers roll 
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down over the disc, 
picking up ink and 
then down over the 
type forme. When the 
rollers have returned, 
the platen (on 

which the paper has 
been laid by hand) 
moves up against 
the type forme. 


plaster mould of a type forme. In the same 
year Friedrich König and Andreas Bauer 
(1783-1860) built the first perfecting 
machine ~ which could print on both sides of 
the paper. 

A traditional printing press uses mirror 
image type. In 1817 an Englishman, called 
Augustus Applegath (1788-1871), designed 
a machine to print bank-notes with the same 
design on each side of the paper and with 
each colour in perfect register with the 
others. In this machine a curved stereotype 
first printed on to a leather pad fitted around 
the printing cylinder. When one revolution 
was complete the paper was fed between the 
stereo and the leather pad so that the metal 
printed on one side of the paper and the 
inked leather pad on the other, The idea was 
to produce bank-notes that could be forged 
only with difficulty. and Applegath's 
machine in fact printed the lower side of the 
notes by what is now called the offset 
method. The leather pad was printed with a 
mirror image of the original type matter 
which it then transferred to the paper. As a 
result the printed image on the lower side of 
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8 When an etched 
plate has been inked 
and wiped, ink re 

mains only in the 
grooves made by the 
acid and can thus 

be printed. This is 

the principle of in 

in which the 

is below the 
surface of the printing 
plate and so retains 
the ink when the pol- 
ished surface is wiped 
clean, James Whist 
ler (1834-1903), who 
used etching as an art 
form, made this etch 
ing of Black 

Lion Whart, Wapping, 
London 


the paper was identical to the original stereo. 
This principle was later made use of in offset 
printing, in which the type matter is identical 
to the finished print 

The next 70 years saw numerous 
advances in the art of printing. Stereotype 
preparation from papier maché moulds [9] 
was originated by Claud Genoux of Lyons 
‘These moulds or “flongs” were strengthened 
with clay and glue. In 1845 the French 
printing firm of Worms and Phillipe patented 
the idea of casting curved stereos direct from 
a curved flong. This is the method still used in 
most newspaper printing today. 

In 1838 the American David Bruce, Jr 
(1802-92) built the first commercially 
successful mechanical typecasting machine, 
which made 100 characters an hour. 

In 1852 the first printing by photolithog- 
raphy was carried out experimentally by 
Alfred Lemercier, a Frenchman, Lemercier 
coated his printing stone with a light- 
sensitive substance which was exposed 
through a paper negative. After washing with 
turpentine the design on the stone could then 
be inked for normal lithographic printing. 


6 Lithography is 
based on the mutual 
repulsion of gre 
ink and water. The 
image to be printed 
is drawn, in reverse, 
‘on stone using a 

greasy pencil or ink 
The stone is then 

soaked in water and 


[A] presses paper 
from the holder on to 
the stone, thus mak 

ing the print. The pro- 


9 The principle of 10; 
printing on paper 

fed from a roll with 

the sheets being cut 

after printing wi 

invented by Rowland 
Hill (1795-1879), who 
later introduced the 
penny post in England, 
Rotary machines were 
developed for news: 
paper printing from 
1846, using curved 
stereotypes cast from 
curved papier maché 
moulds (flangs) of 

the original flat 

type formes. This 
early Victory press 
printed at speed 

from a paper roll 
(web) and folded 

the cut sheets. 
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Early printing 

presses resembled 
15th-century linen 
prosses. The type mat- 
tor [1] was wedged 


fy 


ink fills the grooves 
made by acid in a 
polished metal pi 
(copper, zinc, alu- 
minium or steel). The 
plate is coated with 
acid-resisting wax. 
The image is drawn 
in the wax with an 
etching needle [A] 
exposing the metal. 
The scribed plate is 
then put in acid [8] 
which eats into the 
metal whore the wax 
has been removed. 

After cleaning off 

tho wax the plate 

is inked, then wiped. 


martr, 


© 
in a sliding tray 

[2] and then inked 
by hand. The paper 
was placed on a 
parchment covered 


010) 
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(O) 


“tympan” [3] which 
hinged into position 
over the type tray. 
This slid under the 
screw-down press [4 


10 The linotype 
composing machine, 
invented by Ottmar 
Mergenthaler (1854- 
99), an American of 
German parentage, 
was probably the 
greatest single 
printing innovation 
of all time. The 
machine was first 
used to typeset the 
New York Tribune in 
1886. The operator 
“types” the copy on 
o keyboard and the 
machine sets letter 
moulds (matrices) 

in the correct order. 
At the end of each 
line a complete line 
of type (slug) is 

cast in one pioco. 
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Modern printing 


There are three main kinds of modern 
printing processes: relief, intaglio and 
planographic, In relief printing the ink- 
bearing surface of the type or engravings (for 
illustrations) stands out above the sur- 
rounding non-printing area. Letterpress 
printing is an example of relief printing and 
includes printing from one-piece stereotype 
plates and from formes made up of both type 
matter and illustrations, which may be metal 
line blocks, halftone engravings (which have 
tonal shades formed from minute dots), 
woodcuts or linocuts. 

In letterpress printing the platen (flat 
plate) press and various kinds of cylinder 
presses are widely used. Paper is fed into the 
machine (by hand or automatically). The 
mechanism picks up single sheets from a 
stack (usually by means of suction pads) and 
feeds them into the machine. 

Intaglio printing is relief printing “in 
reverse". In this case the ink is trapped in 
cavities in the printing plate surface, the 
polished non-printing area being “wiped” 
clean of ink before printing. Photogravure is 
the principal intaglio process of today; 


1 Rotary 
lottorpress 


Pressure cylinder 


Stereo cylinder. 
Inking roller 

Ink distributor 
Ink: toed roller 


1 The newspaper 
industry has im- 
proved and developed 
its methods of print- 
ing over the last plete 32-page news- 
100 years. Amodern paper at once. The 
machine prints both  three-arm reelstands 
sides of apaper web allow the machine to 
four pages wide, cut- run without inter- 
ting and folding to ruption by pasting 
make up a finished ‘the paper from the 
eight-page newspaper following reel on to 


section. Shown here is 
a typical installation 
with four presses that 
can produce a com. 
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formerly it was used for printing artists’ 
‘engravings made on steel and copper and for 
aquatints and etchings (in which lines were 
etched in the metal by acid). 

In planographic printing the printing and 
non-printing surfaces are completely flat. 
The printing plates are treated in such a way 
that the mutual repulsion of oil and water 
keeps the ink from the non-printing area. 
Lithography is the principal planographic 
process of printing. 


Rotary printing 

Modern high-speed printing is carried out on 
a rotary press [1] using continuous paper 
from a roll. The printing formes are prepared 
flat, using type (text) and blocks (illustra- 
tions). A papier-maché “flong” mould is 
made, again flat. The mould is placed in a 
casting box which has been bent to a half 
circle, so that when molten metal is pumped 
between the flong and the circular backing of 
the mould a semicircular stereotype plate 
(stereo for short) is produced. The edges are 
cleaned up, the white (non-print) areas 
routed out, the inner side shaved to form a 


| 


Rotary 
Papor wob printing unit 
the tail of an ex 
hausted web. Colour 
printing can be 
achieved by re- 
routing the paper 
web so that it runs 
through two ma- 


in the paper path 
following one of the 
single-colour presses. 
They then colour- 
print in the white 
space left by the nor- 
mal press. Presses 


chines in sequence, of this type are 
one using black, the designed to deliver 
other a coloured ink, at least 50,000 

or by adding multi- copies per hour, 


colour press units Presses working at 


perfect semicircle and two stereos are fitted 
around each printing cylinder in the press. 
This forms a circular printing surface 

Modern photogravure, developed from 
hand etching, uses photographic techniques 
to produce copper printing cylinders or 
plates. Positive prints of the type matter and 
illustrations are printed photographically on 
to a gelatin-coated carbon tissue. When 
developed and laid on a copper sheet this 
forms an etch-resistant pattern (called a 
resist), which allows acid or other etchant 
through the image area, leaving the copper 
surface untouched in the non-image areas. 
The etched copper cylinders are then fitted to 
a high-speed rotary gravure press, which 
operates in much the same way as a letter- 
press rotary. Rotary photogravure is widely 
used for the production of high-quality large- 
circulation magazines. 


Web-offset lithography 

Lithography, originally carried out by 
forming the image to be printed on a porous 
stone slab, was soon developed so that the 
printing surface could be prepared 


Paper cutter 


such high speeds are creasingly frequently 
fitted with automatic by photolithography, 
devices to maintain but many large-circu- 
correct paper ten: lation magazines, 


sion and flow through 
the mechanism and 
to apply brakes if 
there is some failure 
such as a break in 

the paper web. News- 
papers and maga- 
zines are printed in- 


printed in black and 
‘one other colour, 

are produced on auto- 
matic high-speed 
letterpress machines: 
similar to newspaper 
presses. In Britain 
telephone directories 


Three-arm reolstand, 


and similar publi- 
cations are printed 
on rotary letter- 
press machines at a 
rate of 15,000 copies 
per hour. Rotary 
presses sacrifice 
quality for speed; 

in eight hours 
several presses can 
print 2.5 million 
copies of a paper. 


photographically on a sheet of metal such as 


zine or aluminium. The methods used for 
offset platemaking vary widely, but the result 
the same ~a flexible metal plate that can be 


fitted aroun 
ed rota 


J the printing cylinder of a high: 

press [2], Web-offset presses. 

printing on a continuous paper roll (the web) 
Pap 


have been developed in recent years, As a 
small-circulat 


ind magazines use this system 


result many 


n newspapers 


of printing 


Modern printing techniques 
In letterpress printing and lithography, the 


reproduction of continuc illustra. 


tone 
tions such as photographs is achieved by 
photographing the picture through a “half 
tone screen", which is a fine grid of crossed 
his breaks the picture into 
tiny elements which are printed separately as 
dots of varying size [3] 

Linotype machines (which cast a whole 


parallel lines 


line of type at a time) continue to be used 
widely for newspaper production and the 
Monotype machine 
letter at a time), with its ability to set, say 
symbols and complex mathematical equa 


[4] (which casts one 


2 Offset 
litnography 


(O5 


2 Image areas of 
offset lithographic 
printing plate 

[1] accept a grease 
based ink and non 
image areas, damped 
by rollers |2]. reject 
the ink, The inked 
image is offset on 
to a rubber roller 

3] and then on to 
the paper |4]. The 


copper gravure 
printing cylinder (6) 
has the image etched 
s I de: 
pressions beneath the 
rface), the volume 
cell determining 
the quantity of ink 
and hence the tonal 
The cylinder 
s covered with ink 
5] and the surfaco 


4 The Monotype 
machine, invented in 
1887 by Tolbert La 
ston (1844-1913), pro 
duces three charac 
ters of set type 
each second, us 
matrices (moulds 

nd molten metal. It 
widely used for 
books. The operator 
types the copy ona 
keyboard, producing a 
punched paper tape. 
The tape is later 

fed into a second 
machine which casts 
Individual letters. 
Photosetting 
machines are rapidly 


making these obsolete 


tons, is still used extensively for book 
production, But photosetting, introduced in 
4 practical form in 1955, is superseding the 
metal type processes in many fields. 
Photosetting is an entirely new process in 


which the alphabet and other characters of 


each type style are stored on film or as tape 
instructions. The 
machine [5] produces positive or negative 
copy suitable 


recorded photosetting 
lor photographic platemaking 
processes and has the adva t the size 
f any typeface 


can easily be reduced or 


enlarged photographically 
A modern photosetting machine 
appropriate lens systems 


with 
Iso produces con 
densed and expanded faces, and italics, from 
the same master negatives, It operates at high 
speed ~ computers control spacing and pro: 
duce proofs as 


ast as the operator can use his 


keyboard. In gravure nd litho- 


printing 
graphy printing plates are made directly from 
the positive image produced by the photo: 
setter, In letter 


ss work a negative image is 
made photographically into a metal printing 
plate in a similar manner to that used in the 
production of halftone blocks. 


3 Yellow, red and 
blue are used In 
various combinations 
to print a wide var 
loty of shades, Where 
all three overlap 
the result is almost 
black. In colour re 
production a greatly 
improved result is 
achieved by a fourth, 
black printing, More 
accurate colours are 
obtained by using 
magenta and cyan 
in place of red and 
blue. An image is 
printed in 
[A-D] to give the 
bined effect. seen 
ere magnified [E 


ach colour 


is then cl 
‘doctor 
leaving ink only in the 


aned by a 


blade 
etched depressions, 
When the cylinder 
contacts the paper 
the ink in the cells, 
is transferred to it, 
The gravure process 
is used principally 
for high-quality 
pictorial work 


5 Atypical photo- 
‘composing machine 
has a continually 
rotating disc [1] 
which bears negative 
images of all the 
letters, numerals 
and punctuation 


The essence of 
modern printing is 
speed. Millions of 


copies of daily 
newspaper 
every morning filled 


8 


E ( 
marks in a given is in line (instruc 

type face. An exciter tions come from a 
lamp [2] and photo computer tape by 
electric cell |3] typing” copy on 


sense the exact keyboard) a m 


rientation of the flash unit |4] fires 
rotating disc. When The lens system 
the chosen character focuses an image on 


with news storie 
that were written 
the previous night 


1234567890 

AB 
CDEFGHI 
JK LMNOP 
QRSTUVW 
XYZ 


film or paper |7] 
The transport system 
6l, also computer 
controlled, sets the 
images in lines 

with jus 

and hyphenation 
where necessary 
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Copying and duplicating 


Reproduction of the written word and of 
drawings and photographs is not exclusively 
the art of the printer. An increasingly large 
volume and variety of reproduced material is 
prepared quickly and relatively cheaply in 
offices found in most parts of the world by 
duplicating and copying processes developed 
for this purpose [1] 


The hectograph and rotary duplicator 

‘The oldest of office copying processes is the 
once familiar spirit duplicator [2]. The orig- 
inal material ~ the master - was drawn by 
hand using synthetic, aniline inks (purple, red 
and green were the most usual colours, 
although black, blue, yellow and brown inks 
are also available today) or by typing with 
special aniline dye ribbons. The master was 
then rolled face down on to a gelatin bed, 
which absorbed a proportion of the ink, to 
form a mirror image on its surface, Plain 
paper moistened with spirit was then pressed 
on to the gelatin and peeled off to leave a 
positive image on each sheet. This conve- 
nient process, which can print up to 50 or 
even 100 copies from a good master, has 


1 


1 The in-house print 
room of a modern 
commercial office, 
research establish- 
ment or other organ- 
ization where repro- 
duction of printed 
matter and illus- 
trations is required 


serving a specific 
purpose. Among 
typical machines 
shown here there Is 
3 spirit duplicator 

{A} for short runs, a 
mimeograph [I] for 
medium runs of non- 
illustrated material 


quickly and often, and an offset-litho 
contains a variety press [H] for high- 
of machines, each quality printing 
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been modernized and is the basis of the 
rotary duplicator. A “transfer” sheet sur- 
faced with a wax film containing aniline dye is 
placed behind the master sheet and material 
is drawn or typed on to both sheets. In this 
way a mirror image in aniline ink is formed on 
the back of the paper, just as though a sheet 
of carbon paper had been placed below it, 
black side up. The master so made is fitted on 
to a cylindrical drum which presses against 
sheets of paper, moistened with spirit, to pro- 
vide copies quickly and cleanly. A master can 
be made using a number of different coloured 
transfer sheets, the process printing the diffe- 
rent colours simultaneously. 


Modern copying processes 

The ink duplicating machine, or mimeo- 
graph, has the advantage of being able to pro- 
duce a thousand or more good copies from 
the master. This master, once made of wax on 
porous paper, is now generally made of a 
pressure-sensitive plastic composition. The 
image is either hand-drawn with a sharp 
stylus or typed on any machine with a fine 
typeface. The lines or letters cut into the sur- 


that may include working types are 
colour work as well available. Stencils 

as drawings and fora mimeograph can 
photographs. For be typed by hand on 
rapid copying and an ordinary type- 
high quality, a type writer or produced 

of photostatic copier on a thermal stencil 
[Blis generally used. maker [K]. A high- 
Large drawingscanbe speed stencil dup- 
quickly reproduced  licator [F] can repro- 
on a diazo copier; duce these much faster 


“semi-wet”anddry than can a mimeo- 


face and break the skin so that ink can penet- 
rate. The master so formed is a negative 
stencil. The modern mimeograph is a high- 
speed electrically powered machine and pro- 
duces good quality copies at speed. 

The blueprint [Key] is no more than a 
negative prepared photographically by con- 
tact with a translucent original. The modern 
process, which has superseded the blueprint, 
uses special paper sensitized with diazo com- 
pounds. This is placed in contact with the 
original and exposed to what is known as 
actinic radiation (mainly blue and violet light, 
together with ultra-violet rays). The radia- 
tion passes through the clear paper of the 
original and chemically alters the diazo com- 
pound. But where it is masked by the lines of 
the image, the diazo compound remains 
unchanged. “Dry” development by ammonia 
gas can produce a black or blue image; wet 
development can produce prints in red, sepia 
and some other colours. Variations of thi 
process are used in the many dry, “‘semi-wet™ 
and heat development azo copiers available 
today. The process has the advantage of pro- 
ducing copies of large drawings more cheaply 


graph. Litho plates tine [C], paper punch 
canalsobemadeon [D] and binder [E]. 
atypewriter, andan A woll equipped print 
electrostatic litho- room can copy any 
plate maker [J] can documents, drawings, 
produce them from pages from books or 
drawings and photo any other originals, 
graphs. Also shown ind it can print ci 
here are an elec- culars, memorand: 
tronic machine for 

making mimeograph 


masters [G], a guillo- 


journals, technical 


Phoropranry 


reports and even good 
quality letter headings. 
Among other 

methods of graphic 
reproduction (not 
shown) are microfilm 
systems, There ar 


machines for print- 
Ing serial numbers. 


than any of the other copying processes. 

The introduction of photostatic copying 
machines in the mid 1960s [4] has resulted in 
a minor revolution in the copying field. The 
term xerography, which was based originally 
on a proprietary name, has come into general 
use for processes marketed by many com- 
panies, Photostatic copying depends on the 
phenomenon of photo-conductivity [5]. 

Offset lithography is another process 
widely used in modern offices, The office 
offset machine uses the principle employed in 
commercial lithography ~ the fact that water 
and an oil-based ink will not mix. The offset 
litho masters can be prepared in several 
ways: photographically, as in commercial 
printing; by the use of a suitable toning 
powder in a photostatic copier; or simply by 
typing or drawing with a special ribbon or ink 
direct on to plastic or thin metal plates. 


Preparation of copy 
The first step in the traditional printing pro- 
cess is the setting of movable type a compli- 
cated procedure ill-suited to the office print 
room. It was the possibility of preparing 
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2 The original spirit 
duplicator used a 
gelatin or clay bed 
which absorbed some 
of the aniline ink 

with which the master 
copy [1] had been 
prepared. Some of 
the ink mirror image 
in the surface of 


the “jelly” bed [2] 
was then transferred 
back to sheets of 
paper that had been 
moistened with spirit 
and pressed on to 

it by means of a 
rubber roller [3]. As 
aniline inks of vari 
ous colours could be 


4 Modern photostatic 
copying machines aro 
produced in a wide 
range of sizes and 
types. Table-top 
machines, designed 
specifically for use 

in offices where 
noise must be kept 
toa minimum, re- 
quire no expertise 
onthe part of the 


‘operator. A dial is 
set to specify the 
number of copies 
and the original is 
then fed in through 
the siot. The sheet 
trips a micro-switch 
which sets the pro- 
cess in motion. The 
copies emerge singly, 
followed by the 
original. Floor- 


printing masters on standard 
made the hectograph and the mimeograph, 
and later the offset-litho press, practical 
alternatives to commercial printing 

The standard typewriter, however, has 
three drawbacks. The quality of the typed 
copy is variable in intensity and clarity, the 
typeface cannot be altered and the letter 
spacing is constant, unlike that of movable 
type where “m”s and “w"s, for example, 
‘occupy much more space than “i's or “Is, 

All three weaknesses have been over- 
come with the invention of more sophisti- 
cated typewriters, The modern 
machine, with a carbon or plasticized ribbon 
used only once, produces uniformly clean 
and clear jet-black letters. Machines with 
interchangeable typefaces have also been 
introduced. Finally machines with “propor 
tional” spacing were invented, so that 
narrow, medium and wide letters do not have 
to occupy the same space. The most 
advanced machines incorporate the alterna 
tive type facility as well as proportional 
spacing and have special spacing facilities for 
the typing of fixed-width columns. 


pewriters that 


electric 


3 Adhesive transfer 
lettering, which is 
available in a wide 
range of typefaces 
and sizes, has made 
possible the prep- 
aration of titles 
quickly and cheaply, 
complementing the 
modern electric 


‘ j Eg 
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used on the master 
the flat bed hecto- 
graph could repro: 
duce several colours 
simultaneously, Its 
disadvantage lay in 
the fact that only 
short runs ~ fewer 
than 100 copies 
could be printed. 


The original blue- 
print used by archi 

tects and engineers 
for the reproduction 


typewriter's function 
of producing near 
perfect printed ma- 
terial. Line borders, 
human figures in 
various attitudes 
and sizes for use in 
simple artwork 
electronic symbols, 
mathematical signs 


of plans and drawings 
is a photographic 
negative, white on 
blue, made on paper 


and a wide variety 
of other symbols and 
colours are pro- 

duced in the form of 
adhesive transfers, 
Transfer lettering 

is produced on a 
transparent sheet; 
letters are placed 

in the position 


7 IZEI 
FESS Ae / i 


— 


standing copiers 
usually have a flat 
bed for the original, 
making reproduction 
from open books 
possible without the 
removal of separate 
sheets. Enlargement 
or reduction of the o 
image is possible on 

the most compre- 
hensive copiers. 


sensitized with a 
ferric (iron) salt 
and potassium 
ferrocyanide 


required and rubbed 
onto the paper 
below where they re- 
main fixed after 

the sheet above is 
removed. “instant 
lettering is ideal 

for small-scale print 
operations at a rel 
atively low cost. 


5 The photostatic 
copying process uses 
a metai plate (which 
is often wrapped 
around a cylinder) 
coated with a ma 
terial that conducts 
electricity only 

when exposed to 
light. In this pro: 

cess: the plete is 

first given an over 

all charge [A]. Then 
an image [B] of 

the original (1) is 
focused on to the 
plate using a lens 
system [2] and a 
light source [3]. 
Where the light talls 
the charge is con- 
ducted away. [C] 
Toning powder is 
now dusted over the 
plate, This adheres 
tothe charged image 
area but not else 
where. [D] Resin- 
coated paper is 
pressed in contact 
with the plate. [E] The 
powder adheres to 
the paper. |F] The 
image is fixed by heat 
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Newspapers and magazines 


Newspapers that can be properly so called - 
because they contained topical information 
with an attempt at regular appearance — date 
from the early 1600's. Perhaps the first was 
the Nieuwe Tijdingen, published in Antwerp 
from 1605. 

Early English newspapers suffered 
heavily from censorship. A government- 
issued licence to print, which could be 
revoked if a newspaper offended the govern- 
ment of the day, acted as an effective curb 
until the Licensing Act was allowed to lapse 
in 1694. The relaxation led to a host of papers 
and journals and Britain's first daily news- 
paper appeared on 11 March 1702, priced at 
one penny. Papers were printed by hand and 
circulations were small: in 1711 total daily 
sales were only 7,500 papers. Not until The 
Times of London introduced a steam printing 
press in 1814 could the modern newspaper 
be said to have arrived. 


Birth of popular, 
Stamp tax, introduced in 1712, also severely 
restricted newspaper circulations. In 1836 it 
was reduced from 4 to 1 old pence (d) a copy 


1 


1 Birth of a story by the “copytaster” 
in a newspaper. [1] who informs the 
7pm: Newsofafire news editor [2] and 
at a politician's night editor [3]. They 
home comes overthe send a reporter [4] 
inter fromthe to the scene and the 
Press Association, picture editor [5] 
an agency with a sends a photographer 
nationwide network [6]. 7.15: A reporter 
of reporters. The telephones that the 
story, or “copy”, is man has died. Two 
or"tasted” reporters anda 


and new Sunday papers, carrying accounts of 
crime, sex and sport, and appealing to a new 
type of reader, began to make their appear- 
ance. The News of the World, the largest sel- 
ling Sunday newspaper in the Western World 
today, dates from this period. In 1855 the tax 
was abolished and several more “middle- 
class" dailies were established. 

The 1870 Elementary Education Act, 
which increased literacy among the British 
working and lower-middle classes, stimu- 
lated further growth, Alfred Harmsworth, 
later Lord Northcliffe (1865-1922), laun- 
ched the Daily Mail in 1896, priced at "hd. 
The first issue sold 390,000 copies, more 
than any other paper had ever sold in one 
day, The “popular” paper had arrived. 


Editorial content 

Modern newspapers should not be regarded 
merely as a public utility. Many are manufac- 
tured “goods”, produced to make a profit. 
They get their income from selling the paper 
itself [Key] and by selling space in it to people 
who wish to advertise goods or services. 
Some, however, are produced at a financial 


photographer are sent reference books, con- 


toassist in covering —_tacting his friends 
events. The "back and studying news- 
bench” — the night paper cuttings from 
editor and assistants the paper's own 


[7|—decide thatthe library. Pictures ot 


story is the main the man are obtained 
front page news, the picture 
“splash”. A staff library and an artist [9] 
writer [8] is briefed draws a map of the 
tocompile the man’s house and grounds, 
obituary, using 8.00: A reporter re- 


loss as a public service, supported by other 
activities or by the proprietor. 

The editorial content of all newspapers 
can be divided into two major sections: news 
and features, Most news is predictable: it 
comes from events that are known about in 
advance — the so-called “diary” events such 
as sessions of Parliament, court cases, athletic 
meetings and so on. But the news that the 
reader often finds most fascinating, and that 
may lead him to buy a newspaper because he 
catches sight of a headline, is “spot” news ~ 
the event, such as a preside: i 
tion, that cannot be predicted. Leading arti- 
cles (“leaders” or “editorials”) are generally 
based on a principal news item. 

Features include articles giving the back- 
ground of news; gossip columns; articles on 
specialist subjects such as gardening, fashion 
and cooking: strip cartoons and horoscopes. 

All newspapers report “spot” news, but 
the quality newspapers carry much greater 
coverage of serious diary news - especially 
politics - than popular papers and supple- 
ment it with articles by specialist writers on 
science, medicine, education and current 


“lay out", a page, 
showing sizes of illus- 
trations and 


ag 
telephone further 

information. A photo- reporter's copy is 
grapher rushes tothe scrutinized by news 
darkroom to develop 

his film, 8.15: With Copy and 

the designer [10] the ieme go to the chief 
back bench choose a sub-editor [11] who 
picture anddraw, or briefs a sub-editor 
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Taking picture 


112]. He shortens the 
reporter's copy to the 
number of lines 
allocated, adds in 
late news, rechecks 
facts and writes a 
headline of the pre- 
scribed number of 
letters. His work is 
vetted by the revise 
‘sub [13] before it 
goes to the printer, 


affairs. They also carry several pages of finan- 
cial and industrial news. Popular newspapers 
report only the most arresting diary news, 
such as Parliamentary disagreements. 

The task of a newspaper editor is to direct 
his journalists to produce stories and pictures 
that together strike a suitable balance bet- 
ween information and entertainment for his 
particular readers. On a mass-circulation 
newspaper he has assistant editors in charge 
of the various sub-sections — news, foreign 
news, sport, women’s pages, leisure, business 
and general features, Each assistant has his 
own team of journalists. 

The total number of pages in each issue of 
a paper is determined by the amount of 
advertising matter, Each morning the editor 
studies a “mock-up” of the paper that indi- 
cates the pages and positions of the advertise- 
ments. Knowing the space available, he then 
holds a news conference to deal with stories 
that are expected to develop during the day 
Information comes from staff, independent 
or “freelance” journalists, or, by way of 
national and international teleprinter net- 
works, from news agencies. Ata later confer- 


2 Linotype machines 
convert stories into 
lines of metal type. 
The operator sits at 
a keyboard like a 
typewriter and re- 
types the edited 
copy. The keys 
release tiny moulds — 
matrices ~ of the 
letters, which form 
into a line. Finished 
lines move to a slot 
into which molten 
metal is pumped. 
A strip of metal — a 
'slug” — is formed 
with raised letters 
on its surface, Lines 
gather in a tray 


ence the editor receives progress reports and 
finally decides which items deserve promi- 
nence and which can be put on one side. 

The editor holds features conferences to 
discuss immediate ideas arising out of the 
news and those for future issues. At a leader 
conference (particularly on quality papers) 
he discusses with senior staff the attitudes to 
be taken to current affairs. 


The magazine world 
Periodicals focusing on narrow fields — such 
as gardening, homes, stamp collecting, 
motoring and chemical engineering - are 
prospering, are low-priced women's 
magazines. But general magazines have suf- 
fered from competition from television and 
from magazines given away with newspapers. 
In particular, magazines of photo-journalism 
features or news stories told in pictures ~ 
have all but vanished in all Western coun- 
tries, Successful and comparatively new 
fields are glossy magazines for the newly rich 
teenagers and prestige journals distributed 
free to professional people such as doctors in 
order to attract lucrative advertisements. 


as 


3 Pages are assem- 
bled on a metal work 
bench called a 

“stone”, Following the 
editorial scheme, a 
compositor arranges 
the columns of type 
with the pictures 
{etched into metal 
blocks). The whole 
page is then locked 
into a “chase” anda 
proof copy taken. A 
journalist — the 
“stone sub” — reads 
proofs of each page 
and indicates which 
ines can be omitted 

if the metal does not 
fit. He also “passes” 


Until the copy ends. the final page. 
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tisements and selling 

the paper. This chart 

assumes no profit. 

It shows [C] paper 

(called newsprint) and 

ink as the main costs 

and demonstrates how 

popular papers 

selling millions of 

copies depend more 

on sales, whereas 

quality papers selling 

perhaps 400,000 copies c 

a day rely on adver 

tisements (particularly 

classified). In local 
giveaway" (free) news: 

sheets, profit is 

derived solely from 
advertising content 


Newsprint and ink 35% 


Adverts 


Editorial 
Production 25% 


16% Circulation ete 9% 
Admin 9% 


ublicity 6% 


Most sales of British 
newspapers and maga 
zines are through 
newsagents. Between 
50 and 80 per cent 

of newspaper sales 
are home deliveries 

~ the rest are coun 
ter sales. A news- 
agent's profit is up 

to 28 per cent of 


the selling or “cover” 
price. Some local 
newspapers deliver 
direct to newsagents 
jonal papers 


back unsold copies to 
the wholesaler. To 
lessen this possible 
loss, some news- 
papers ask agents to 
place firm orders and 
bear any loss them: 
selves ~ but this can 
lead to under-ordering, 
a shortage of papers 
and sales for rivals, 


about 10% of the 
cover price. News: 


y 


4 A typical tabloid 
newspaper contains 
30 to 45% adver 
tising and 55 to 
70% editorial 
matter. Half the edit- 
7 orial is text (nearly 
a quarter headlines) 
and the rest pictures. 
Most pages carry an 
advertisement, except 
for information pages 


j j J such as television or 

J | f= racing: without them 
| P] pages look dull. Pic- 
a] | | tures and headlines 

\ d LX are placed to counter- 


balance advertise- 
ments and some pagos 
contain nothing 
but advertising. 


6 Future newspaper 6 
production will be 
by computer, with 
typesetting machines 
phased out. Writers 
sit at visual dis- 

play units (VOUs) 
which are keyboards 
with cathode-ray tubes 
linked to a computer. 
By tapping a key a 
letter shows on the 
screen. The finished 
stories are kept in 

the computer under 
code numbers until 
an editor calls one 
‘on to his own screen 
for amendments, The 
computer can then in- 
stantly produce a 
tape that works a 
typesetting machine. 
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Books and publishing 


Another dammed thick, square, book! 
Always scribble, scribble, scribble, eh, Mr 
Gibbon!” So observed the Duke of 
Gloucester to the greatest of the 18th century 
historians, Edward Gibbon (1737-94). A 
hundred years later the greatest 19th century 
historian, Thomas Carlyle (1795-1881) 
refuted the implication: “A good book is the 
purest essence of a human soul.” 

The United Nations Educational, Scien- 
tific and Cultural Organization (UNESCO) 
defines a book as “a non-periodical printed 
publication of at least 49 pages, exclusive of 
the cover pages”. In 1976 Britain alone pub- 
lished more than 30,000 books. They 
included everything from cheap, read-and- 
throw-away paperback novels to finely pro- 
duced, limited editions of the classics. In the 
total were more than 1,000 works on 
religion, 2,000 on politics, 2,500 on natura 
sciences and 7,000 on literature. School text- 
books and children’s books accounted for 
more than 4,000 titles. 

In spite of television, books are still the 
greatest medium for education, influence and 
entertainment that the world has ever 


4 High-quality books 
are produced by hand 
one at a time. Here 
the British craftsman 
Grahame Clarke is 
seen inking an etched 
metal plate [A] for 

an illustration, then 
[Bl inking the type 
matter using a 

roller before [C] 
arranging the plate 
and type on a forme 
prior to printing. 
Sheets of paper tor 
the book's pages are 
printed [D] ina 
flat-bed press and 
then any hand letter: 
ing carefully drawn 
in position [E]. 

Finally the book is 
bound; the pages are 
stitched together [F], 
the boards forming 
the covers are added 
and the cover bound 
in cloth or leather. 
Few people have all 
the skills needed to 
make books in this 
way and their prod: 
ucts command very 
high prices 
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known: probably as many square miles have 
been conquered by books such as Karl 
Marx’s Das Kapital as by guns and tanks. 
And when the vision of an ideal state of soc 
iety called communism contained in that 
book became perverted and distorted, one of 
the greatest instruments in the fight against it 
was another book, Animal Farm by George 
Orwell [2] 


The business of publishing 
Books like Gibbon’s histories and Orwell's 
satires are grouped by publishers under the 
general term “trade books”, that is books 
sold to the general public. They are a product 
of which the publisher is the manufacturer 
and the bookseller the retailer [Key]. To a 
businessman, they are exactly the same as 
mousetraps or motor cars and their sales are 
promoted in similar ways: just as the 
industry has its annual trade shows, so the 
book business has its books fairs [6] at which 
both publishers and public can inspect the 
latest product. 

Samuel Johnson (1709-84) said 
nobody blockhead 


that 


except a ever wrote 


1 The Godfather by 
Mario Puzo was writ 
ten originally in 
English and has been 
translated into most 
major languages. It 
has become one of 
the most successful 
fiction books of 
recent years 


2 George Orwell 
(1903-50), whose real 
namo was Eric Blair, 
was a prolific and suc 
cessful British author 
of more than ten best. 
sellers, including 
Animal Farm and Nine- 
teen Eighty-four, as 
well as many essays. 


except for money and with some modifica 
tion the same could be said of publishers, But 
most established publishers are prepared to 
publish unknown authors - and make a finan 
cial loss - if they feel that the authors will one 
day become well known and therefore profit- 
able. The initial losses are offset by profits 
from other books they publish. Publishers are 
in a way schizophrenic: Raymond Chandler 

(1888-1959) said of the publisher that “the 
minute you try to talk business with him he 
takes the attitude that he is a gentleman anda 
scholar, and the moment you try to approach 
him on the level of his moral integrity h 
starts to talk business’ 

The cost of producing a tr 
nerally multiplied by about four to get the 
retail price. This “mark-up” allows for the 
publisher's profit, the author's royalty, and 
the bookseller’s margin (which is normally 35 
per cent of the retail price). Authors’ royal 
ties normally begin at 7.5 or 10 per cent and 
may increase on a sliding scale against the 
number of sales to a maximum of 15 per cent 
Most of a publisher's outlay ~ about 80 per 


Je book is 


cent = is spent on typesetting, paper, printing 


CONNECTIONS. 


3 Among the most suc 
cesstul books in terms 
of numbers printed and 
Sold are textbooks, 
and other books used 
in schools and col: 
leges. An elementary 
book on mathematics, 
for example, may have 
Several successive 
editions and reprints 
and can sell in large 
numbers for many 
years. in the past, 

books for classrooms 
were “hardback” with 
a stiff cloth-covered 
binding. But today the 
rising cost of books 
has forced publishers 
increasingly to pro. 
duce paperback books 
for schools. Many 
advanced textbooks 
are available in both 
hardback editions 
(favoured by librar. 
ies) and as paper. 
backs (generally 
bought by students) 
‘Some never appear 

in hard covers. 


and binding. The publisher takes a risk: if his 
estimate of sales proves wrong, he makes a 
loss. The author of this type of book is also at 
risk; if the book does not sell, many months 
or even years of work yield no income. 
Compared with the production of illus- 
trated books, publishing “text only” books is 
relatively straightforward, The author's 
manuscript is first edited for house style (the 
way in which the publisher chooses to pre- 
sent, say, numbers ~ that is, to print them as 
figures or to spell them out), It is then cast off 
- the process of estimating how many pages it 
will occupy when printed in the chosen 
typeface. The typeset “galley proofs” are 
checked for errors and marked up to indicate 
for the printer how the pagination of the text 
should be arranged. The printer “imposes” 
the pages in such a way that when a large 
printed sheet is folded [5] the pages fall into 
the correct sequence. These folded sheets 
(called “signatures” and usually 16, 32 or 48 
pages long) are gathered together, sewn and 
bound, Most paperback books are not sewn 
but instead “perfect bound” ~ the folds are 
trimmed off and the back of the book held 


together, in its cover, with a special glue 

A successful textbook [3] can be highly 
profitable to both author and publisher. Bri- 
tain’s bestselling textbook author, Ronald 
Ridout (1916- ), sold 50 million copies of 
his works in 25 years. Some novelists do even 
better: the Belgian writer Georges Simenon 
(1903) has sold 300 million copies of his 
books. Story books for children also com- 
mand large markets, generally about 8 per 
cent of all titles. Other main categories are 
fiction (25% ), natural sciences (8%), history 
(7.9%), the arts (7.6%) and politics (7.4%). 
But the Bible is the best seller of all time: 
since 1800 about 1,500 million copies have 
been printed in various languages 


Home-made books 

At the other extreme of the publishing busi- 
ness are those “cottage industry” publishers 
[4] who put as much art into production as the 
author puts into his text, making their own 
Paper, cutting their own type and printing on 
small hand presses. Their books may make a 
reasonable profit, but they are not “eco- 
nomic" in the trade publisher's sense. 


5 Modern bookbinding often eight pages 
is carried out almost at a time on each 
entirely by machines. side of the sheet. 


= 


this examplo, of 16 
pages). All the sig- 
natures for a com- 


A heavy clamp [3] 
expels air from the 
sewn book, which is 


The pages of a book 
are printed on flat 
sheets of paper, 


Each sheet is 
folded [1] to give 
a "signature” (in 


plete book are col 
lated (put in page 
order) and sewn [2]. 


6 The Frankfurt 
Book Fair is held an- 
‘ually in the autumn. 
It is the principal 
market place at which 
publishers display 
existing 

products and try to 
soll them to the 

book trade. Interna: 
tional co-operation 
between publishers at 
the planning stage 
‘enables one book to 
bo produced at the 
same time in several 
co-editions that differ 
only inthe language 
in which the text is 
printed. And the same 
book that is printed 

as a single volume 

for one country may 
be produced in sev 
eral volumes for 
another and as a 
weekly partwork for 
yet another; or a 
hardback book in one 
country may be a 
paperback in another, 
depending on the 
particular require- 
ments of each market 


TE š 
É, 


A large general book- 
shop, such as Foyles 
in London, may oc: 


mult is glued to the 
spine [5] and the 
back of the book is 
rounded [6]. Colour 
is added to the edges, 
of the pages at this 
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7 The world market 
for books can be 
stated in tørms of 
the number of new 
titles published each 
vear. This diagram 
shows the number 
of titles per million 
inhabitants in each of 
the major continents 
in 1972. More books 


cupy several floors 


Smaller shops may 


and have up to 750,000 specialize in books 


volumes on display. 


stage, Endpapers 
re attached and 
the book fixed into. 
its covers or “case” 
17]. The title may 


on only one subject. 


into the cover [8] ~ and 
often a printed dust 
added to 

the finished book. 
Books are packed into 


be blocked- impressed boxes for distribution 


were produced in 
Europe than in any 
‘other continent, with 
the Soviet Union and 
North America the 
second and third 
largest producers, 
The Russian te 
{325 per million), 
however, changed 
little over a period 


EE Europe 

EE Sovio Union 
North America 
EE Oceanio 

EE South Amorica 


WB World average 


of ten years while 
those of Europe 

and North America 
increased steadily 
The figure for Asia, 
about 48 new titles 
per million inhab 
itants, has remained 
virtually unchanged 
for a period of 

20 years, 
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Reference books and encyclopaedias 


One effect of the explosion of human know- 
ledge during the twentieth century has been 
to make a good reference library a necessary 
part of civilized life. The essential job of 
encyclopaedias, dictionaries and other refer- 
ence books is to summarize knowledge in an 
easily accessible and comprehensive form. 
Encyclopaedias are about facts; dictionaries 
about definitions. Some encyclopaedias — 
and The Joy of Knowledge is one - also 
try to explain the more complex words they 
use, thus entering the intermediate category 
of the encyclopaedic dictionary 


Early encyclopaedias 
The desire to summarize all human know- 
ledge has a long history; the earliest surviving 
encyclopaedia in the West was compiled in 
Rome by Varro in the first century BC and in 
China encyclopaedias were in existence a 
thousand years before that, Varro's work was 
followed a century later by the Historia 
Naturalis of Pliny the Elder (AD 23-79) 
Like all early encyclopaedias, Pliny's work is 
arranged by subjects, as is the Etymologiae 
[1] of Isidore of Seville (560-636). 


1 Isidore’s Ety- chart, the Biblo, 
mologiae was. acom- the Church, people, 
lation of seventh- tate 
century knowledge. Latin diction- 
This “Tree of Know- an, zoology, 
ledge" istakenfrom heaven, air, seas 

an illustrated man- geogra. 
uscript copy. The ind towns, 
book was arranged building, geology, 
thematically and weights and me: 
Included liberal arts, ures, agriculture, 
medicine, law, atime- ships, houses, dress 


Pierre Bayle’s Dictionnaire Historique et 
Critique (1695-97) attempted to give a 
comprehensive summary of human know- 
ledge and appeared in many editions and 
translations. In 1704-10 John Harris (c 
1667-1719) brought out his Lexicon Tech- 
nicum. The first true encyclopaedia in 
English, it was compiled at the request of the 
Royal Society and has a noticeable scientific 
bias. It was followed in 1728 by the Cy. 
lopaedia of Ephraim Chambers (died 1740). 
This fully cross-referenced work was the 
model for all subsequent alphabetical encyc- 
lopaedias, including the largest European 
encyclopaedia ever published — the Universal 
Lexicon |2] of Johann Heinrich Zedler 
(1706-70). 

The most famous foreign successor to 
Chambers’ work was the Encyclopédie [3] 
(1751-65) of Denis Diderot (1713-84) and 
Jean le Rond d'Alembert (1717-83), Their 
approach was unashamedly radical and their 
enthusiastic humanism contributed to the 
undermining of the ancien régime in France. 
The original three-volume Encyclopaedia 
Britannica (1768-71), was conceived in part 


andcostume,food 2 
and drink, tools, 

and furniture. Isi: 

dore remained a 
standard work of 
reference for 1,000 
years. Today it 
provides us with the 
best view available of 
the life and thinking 
that prevailed during 
the Middle Ages, 


3 The Encyclopédie 
was first planned as 
a French edition of 
Chambers’ Cyclo: 
paedia. Following 
disagreements over 
rights, the publisher 
hired Denis Diderot, 
who had just edited 
the Dictionnaire de 
cine to compile 
a new work. Diderot 
enlisted the aid of 
his friend Jean le 
Rond d'Alembert, a 
brilliant and famous 
mathematician who 
wrote the “prolim: 
inary discourse” in 
1751. They recruited 
the best scholars 
and the most dis- 
tinguished philo- 
sophes and gained 
support from the 
leading salons. 

Each volume as it 
appeared caused a 
sensation throughout 
Europe. The Estab. 
lishment was out- 
raged and the number 
of subscribers rose 
from 1,000 to 4,000. 
In 1759, a year 

after d'Alembert 
withdrew, the work 
was banned by the 
French attorney- 
general, but the 
Publisher, Le Breton, 
continued it as an 
“underground” pub- 
lication. There 

were numerous 
pirate editions 
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as a more objective answer to the Encyc 
lopédie. Always a monumental work, Britan- 
nica has grown through 15 editions to the 
completely reorganized 1974 edition. 
Alphabetical order of subjects did not 
become standard practice until the late 
Middle Ages; even today some valuable 
encyclopaedias, such as the Encyclopédie 
Française (1937- ) and the Oxford Junior 
Encyclopaedia, arrange their material in a 
logical sequence from subject to subject 


Advent of dictionaries 
Without alphabetical order. 
would be impossible to use. They are 
comparatively recent innovations. John 
Florio's World of Words (1598) was the first 
Italian-English dictionary, and Robert Caw- 
drey's Table Alphabeticall (1604) explained 
some of the learned “inkhorn™ terms that 
had come into English from Latin. 

In the eighteenth century the first modern 
dictionaries saw the light of day. In 1721 
Nathan Bailey (died 1742) issued his Uni- 
versal Etymological English Dictionary, 
which remained a bestseller for more than a 
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2 Zedler’s Lexicon 
or Great Complete 
Universal Diction 
ary of all the 
Sciences and Arts 
was particularly 
strong on biography, 
genealogy and topo- 
graphy. Zedler 

a Leipzig book 
seller, claimed that 
his work was more 
comprehensive and 
complete than any 
previous encyclo- 
paedia. His work 
prompted rival ones 
that later put him 
out of business. 
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century. It was the first attempt to collect and 
define all English words, as opposed to just 
“difficult” words, and it was the foundation 
on which Samuel Johnson (1709-84) based 
his more famous English dictionary. John- 
son's chief innovations were the introduction 
of illustrative quotations to demonstrate 
shades of meaning and styles of usage, a 
willingness to make judgments about levels 
of usage (clever, a low word....”), and some 
famous jokes among the definitions 
(“lexicographer, a harmless drudge”) 

Among Johnson's successors was the 
cantankerous American patriot No 
Webster (1748-1843). His Americ 
Dictionary of the English Language (1828) 
first listed most of the spelling differences 
between British and American English. 

The best modern encyclopaedias expend 
great efforts to keep abreast of developments 
in all fields of knowledge and to present 
information in a format that will be most 
useful to the reader. Major dictionaries now 
adopt one of two approaches to language. 
The first, exemplified by the great Oxford 
English Dictionary (1884-1933), is the 


historical approach: through a systematic 
reading of the literature of a language, the 
history of each word is given - the OED also 
gives dates and examples of uses. In the other 
approach ~ the “synchronic” method — the 
lexicographer sets out to observe and record 
the language in its contemporary form. The 
most extreme example of this method 
Webster's Third New International Dictionary 
(1961) - upset many people by its including 
such words as “ain't 


New works of reference 

In the future, printed reference books will 
undoubtedly be supplemented by more 
technologically advanced ways of storing and 
retrieving information. Computer data banks 
can hold an enormous amount of information 
in a way that enables it to be instantly a 
able and readily updated. Audio-visual 
techniques are now so far advanced that The 
Joy of Knowledge Library was itself carefully 
planned so that its printed pages could be 
related to general and educational films and 
audio-visual discs that could be shown on 
domestic and school television screens. 


ail- 


Key 


A general encyclo- 
paedia is the ideal 
reference work for 
helping young people 
with school work. 


4 The Joy of Know. 
ledge Library 

was produced in an 
unusual way, and 
text and pictures 
were assembled in 
various stagos 

After an author had 
been asked to write 
about a topic, he 
attended a briefing 
[A] at the publish 

er's office, to 

gether with the sec 
tion editor and art 
editor. The artist 
drew a rough layout 
indicating the size, 
position and content 
of all the pictures. 
The author then 
researched and wrote 
the text [B] while 

an artist prepared 

8 page layout [C]. 

A picture researcher 
obtained photographs 
[D] from agencies and 
photographers, or 
photographs ware 
taken specially for 
the book. Artwork 
paintings and draw: 
ings- was produced by 
a team of artists [E]. 
An editor [F] prepared 
the article for pub- 
lication and ensured 
that it was consistent 
with other articles. 
Each author's edited 
manuscript was then 
submitted to a lead: 
ing authority in the 
field, to make absol. 
utely sure of the 
accuracy of all 

the facts. Printed 
proofs were checked 
[G] and assembled 
into a "paste-up’ 

of the page [H]. 

The text was “mar 
ried” with the col 
our pictures and a 
final full-colour 
proof was checked 
for accuracy and 
quality [I]. This pro- 
coss was repeated 
for every one of the 
major topics in the 
Library. Finally, 
cross-references 
were added to link 
various topics in 
related articl 
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Information retrieval 


In the Middle 
restricted m; 
medicine 


Ages, man's knowledge was 
nly to philosophy, history 
astronomy and, to a very limited 
extent, geography. The boundaries of scien 
tific and technical information were limited. 
Disregarding guesswork and unproven 
theories, it would have been possible at the 
time of Magna Carta to record all knowledge 
in a few hundred books. 


The early recording systems 
The volume of recorded knowledge grew 
slowly at first but, after the second half of the 
eighteenth century, men began to conduct 
systematic scientific research in many fields. 
Soon no one person could hope to read, 
understand and remember all recorded 
knowledge and instead people began to 
specialize in particular fields of study. The 
expansion of scientific and technical know 
ledge into new areas, each producing its 
own “literature, led to a rapid explosion of 
scientific information. Even modest libraries 
found it impossible to cope with the flood of 
new information 

The new problem led to the evolution of a 


1 This carpet loom 
is controlled by 
punched cards. It is 
based on a silk loom 
invented in 1801 by 
the French engineer 
Joseph Jacquard (1752~ 
1834), Compressed air 
passes through the 
holes in the card: 
joined to form an 
endless loop, as they 
pass over a perfor 
ated roller. Depend. 
ing on the positions 
of the holes, the air 
operates mechanisms 
that lift the length 
wise warp threads of 
different colours. In 
the modern machine, 
push rods are used 
instead of compress: 
ed air to “read” the pos- 
itions of the holes 
Single punched cards, 
read” by a lamp and 
photocell arrangement, 
are part of many 
modern data process 
ing and information 
retrieval systems, 


4 Electrical 
5 Tools 
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new expertise called information science - 
the science of storing, organizing, retrieving 
and disseminating information in such a way 
that anyone who knows the system is able to 
identify and retrieve all av 


lable information 
on any specific subject as and when it is 
needed. There are now many aspects of 
information retrieval including market 
mail-order selling and population 
censuses, Its principles can best be illustrated 
by considering the problems involved in a 
large library of books. 


research, 


The first successful system of information 
classification was the decimal system 
invented by an American, Melvil Dewery 
(1851-1913), and first published in 1876. 


The Dewey classification system 

Dewey divided “knowledge” into ten main 
numbered 100 Philosophy; 200 
Religion; 300 Social Sciences (including 
Economics); 400 Language; $00 Natural Sci 
ence; 600 Useful Arts (now Technology); 
700 Fine Arts; 800 Literature; 900 History 
(including Travel and Biography); and 000 
ral Works (covering subjects not fitting 
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into the other nine categories) Each main 
class was subdivided into ten sub-classes 
(indicated by the second digit of classification 
number), and each of these into ten further 
sub-classes (third digit), Dewey made provi 
sion for even greater flexibility by adding a 
decimal point after the first three figures. The 
virtue of the system lies in the ease with which 
books can be given a numerical order on lib: 
rary shelves, so that related information is 
grouped together. 

The Dewey system was widely accepted, 
but had one major drawback. Many books 
n be classified in more than one way and 
the Dewey system made little provision for 
this, To make it possible for a book or docu: 
ment to be given a classification number that 
indicates its subject-matter more precisely, 
the Universal Decimal System (UDC) was 
developed. This used the Dewey system as its 
basis and was first published by the Interna- 
tional Institute of Bibliography, in French, in 
1905. The Institute (which later became the 
International Federation of Documentation) 
has developed and widened the scope of the 
UDC progressively ever since. 


2 The punched card — 2 
is the basis of most 
electro- mechanical 
data processing sys 
tems. Information is 
stored on the card 
by punching holes in 
specific locations 
according to a pre: 
determined code [A] 
in a population cen 
sus, for example, 
there would be one 
card punched for 
each completed cen 
sus form, The card 
sorter [B] uses 
electrical con 
tacts to sense the 
holes and thereby 
sort cards into 
predetermined groups 
at high speed. For 
example, the sorter 
could sort cards into 
ten different age 
groups by sensing 
the “age” hole on 
each card. Modern 
computers are now 
replacing these 
systems, 
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3 A computer display 
screen can be used 

to provide inform. 
ation about the stores 
of an engineering 
works. Suppose the 
store-keeper takes 
delivery of twenty 
2mlengths ofsteel 
rod and wants to cor. 
rectthe records. The 
omputer gives the 
Stores” display [A]. 
from which he selects 
“Metal” by pushing 
button number 1, On 


[B] he selects “Rod”: 
from" Metal rod” [C] 
he chooses “Circular 
and from the avail- 
able types of circular 
metal rod [D] selects 
“Steel” by pushing but 
ton number 3. From 
the next display [E] he 
selects the 10mm size, 
and the following one 
[F]informs him that 
the present stock is 9 
2mlengths. He feeds 
inthe new stock [G] 
and checks the total 
stock situation |H]. 


When the US Library of Congress moved 
to new premises in 1897 it was already 97 
years old and held about 1.5 million volumes 
and documents. The directors considered 
using the Dewey system but finally 
developed its own. In this, the LC system, 
subject-matter is first divided into 21 classes 
bearing the letters of the alphabet from A-Z. 


tion recognizes that most subjects are com: 
pounds of several elements and seeks to 
enumerate the principal elements in every 
classification label. This system has not only 
been shown to be flexible but also to provide. 
if well conceived, a precise indication of, say 
the contents of every book or document. 
Faceted classification is also easily adapted to 


Lg 


Arecord storage 
corridor ina US 
Patents Office, photo. 
graphed here, gives 
a vivid impre: sion 
of the steadily 
growing problem of 
information storage 
and retrieval. When 
an application for a 


J 


patent is made, the 
authority must be 
sure that the idea 
is genuinely new. A 
century ago the 
descriptions of al 


excluding 1. O, W, X and Y. Each main class use in punched-card information retrieval 
is then subdivided, each sub-class again systems [2] and all electronic systems. By 
bearing a letter. In this way the classification defining all the “facets” of a subject on 
of every book or document begins with two which information is required, a computer 


LAY LAS 


+ 
TELE 
Gi 


letters and these give a fairly clear indication 
of the nature of the contents. The two letters 
are followed by figures, usually three or four, 
which are so devised to give the maximum 
detailed information on the contents of the 
book, Numerical sub-classes, where approp- 
riate, are further subdivided by topics. Many 
advantages 
example, it is casy to use. 


e claimed for the LC system; for 


Other classification systems 

Other forms of information classification 
have particular advantages and are used in 
modern retrieval systems, Faceted classifica 


5 Large airlines 
operate 50 or more 
airliners flying 
daily on routes all 
‘over the world, and 


passengers may join 
or leave flights at 

20 or 30 different 
major cities. The 
airline's inform. 
ation problem isto 
know instantly, at 


all booking offices, 
how many seats are 
available on each 
plane along each 
Section of the route 
This is overcome 

by having a computer 
atthe head office with 
terminals at every 
booking office. The 
computer memory 
has a separate sub: 


can quickly identify all records bearing 
those facets in its classification label 

Information retrieval is an area in which 
computers are increasingly taking over. As 
long as the “information” can be coded in a 
form that can be stored in a computer's 
memory banks, it can quickly be retrieved 
merely by calling it up using an appropriate 
code addressed to the computer. In addition, 
computer information can be continually 
updated, cancelling outdated material and 
replacing it with fresh data. The updating 
process in books and most other publications 
has to await complete new editions 


4 Libraries of rare 
books must guard 
against losses and 
theft. The Victoria 
and Albert Museum 
Library in London 
[A] uses a system 
under which all books 
are guarded [B]. A 
user entors his re- 
quest (author and 
title) on a form in 
duplicate, and hands 
this to an attendant 
The latter files one 
copy. takes the book 
from the shelf 
(where the other 
copy is lodged in its 
place) and gives the 
book to the reader 
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store for every sec: 
tion of every flight and 
keeps a running 

total of the number 
of passengers booked 
for each section. if 

a proposed booking 
will exceed seat 
capacity on any 
section the computer 
informs the booking 
clerk instantly 


tube 


Photodetector 


existing patents 
could easily be filed 
ina single room 

and classified in 
such a way that the 
validity of new 
applications for 
patents could be 
quickly established. 
Today the number of 
current patents is 

so large that the 
problem of validating 
these applications in 
the old way has now 
become excessively 
time consuming. 


6 In the early days 
of police science 
the criminal invest 
igation departments 
of even the largest 
countries held only 
å few thousand sets 
of fingerprints, 
Today the number 
filed at London's 
Scotland Yard is 
counted in millions, 
When a crime has 
been committed and 
fingerprints found 
at the scene, it may 
take days of search: 
ing to establis 
whether the prints 
belong to a known 
criminal, To solve the 
problem, scanning 
devices [A] are being 
developed that will 
provide information 
that can be read 
by a computer. When 
this new technique 
has been perfected, 
all fingerprint sets 
jeld by a national 
CID will be filed in 
a single computer 
store and it will 
be possible for the 
computer, if "shown’ 
a print found at the 
scene of a crime [B], 
to compare it with 
every printin its 
store within a 
minute or two and 
come up with 
references to any 
‘matching fingerprints. 
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Photography 


In just 150 years photographs, and allied pro- 
cesses such as photocopying, have become 
almost indispensable. Where words struggled 
to convey reality, and paintings could not 
capture the fleeting moment, the photograph 
came to achieve both, presenting in one 
dramatic image instant history, technical 
detail, or profoundly moving emotion. 
“Photography” comes from Greek words 
meaning “writing with light” 


Development of photographic processes 
The first photograph was taken by Nicéphore 
Niepce (1765-1833) in 1826 in a “camera 
obscura". This was a small dark room with a 
Jens let into one wall: the scene outside was 
projected on to the opposite wall. It took 
about eight hours to expose a pewter plate 
covered with chemicals that reacted to light. 
In 1837, a Frenchman, Louis Jacques Mandé 
Daguerre (1789-1851), invented the 
daguerreotype process in which silver-plated 
copper sheets treated with iodine vapour 
replaced Niepce's pewter plate. 

Development of the latent image (the pic- 
ture held invisibly in the chemicals) required 


treatment with mercury vapour. The visible 
image produced was reversed, with the black 
Parts white and the white parts black. The 
process became popular, but produced only 
one picture at a time. The multiple prints of 
today were impossible until William Fox 
Talbot (1800-77) developed the negative in 
1839. But his calotype (later talbotype) was 
not as clear as the daguerreotype 

Talbot's paper negatives could be made 
transparent by wax or oil. They were soon 
replaced by glass negatives and in 1861 the 
first colour process was demonstrated. 


The modern camera 
In 1888 George Eastman (1854-1932) 
introduced the Kodak camera and brought 
photography to the man in the street. In 1924 
the Leica was introduced as a miniature 
camera originally designed for testing 35mm 
motion picture film, and in 1925 the inven- 
tion of the flash bulb released photography 
from dependence on sunlight or special artifi- 
cial lighting 

‘The modern camera [Key] is a light-tight 
box with a mechanism that holds a piece of 


film flat and opposite a lens. The lens focuses 
on to the film a sharp upside-down image of 
the scene before the camera. A shutter, 
situated between the film and the lens, stops 
light reaching the film until the user decides 
to take a photograph. It then opens, usually 
for only a fraction of a second. The correct 
exposure is obtained by regulating the 
relationship between the shutter speed and 
the diameter of the lens ~ a factor that can be 
varied by adjustment of a diaphragm, 

The diaphragm controls the amount of 
light passing through the lens and the shutter 
determines how long the film is exposed to 
the light. A fast shutter speed and a wide 
diaphragm opening will give the equivalent 
exposure of a slow shutter speed and a small 
opening. All cameras have a viewfinder 
from a simple wire frame to a complex optical 
system ~ that enables the user to see what the 
camera “see 

These features are common to all 
cameras, but there is great variation in their 
complexity and operation, The simplest 
cameras [3] have a single shutter speed and 
fixed diaphragms, both so chosen that on a 


CONNECTIONS 


1 1 Ina pinhole 2 Alensgivesa 3 Modern cameras side the main lens 
camera an image brighter image than workon the same [3] is a viewfinder 
forms throughthe apinhole. This 1864 [4] to show what 
hole on tothe other ‘camera had a rubber will be in the pic- 
side. Itis not bulb [2], which fed ture. In bright 
very bright butcan silver nitrate along weather- or with 
make a picture ona the tube [3] to sen- filmineasyloading  aflash-this 
film placed in sitize a plate in ridges [1]. It camera takes pic 
the right position. the holder (1), has asingle-speed tures in colour or 


shutter [2]. Along 


reflex isa 
satilo c: 
design. The view- 
finder [1] reveals 
geformed 
mirror [2] by 
tight from the main 
Jens {3}, showing 
‘exactly what is 
being focused upon. 


4 Polaroid cameras 
take composite "film 
and paper" packs 
which incorporate the 
necessary process- 
ing chemicals. 
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6 Thetwin-lens 
reflex camera 
really two cameras, 
one for focusing 

d viewfinding [1] 
id one for photo- 
graphy [2]. The len- 
sestocus with a 
focusing screen [3] 


7 Thetechnical 
camera does not have 
a viewfinder. The 
image is focused by 
means of bellows [1] 
onaground-glass 
sheet [2] atthe 

back, Just before 
exposure this is 
replaced by a piece 
offilm heldin a 

dark slide, The 


inblack and white. 


can both be 
tilted, shifted or 
swivelled indepen: 
dently |3). This 
allows the pro- 


late subject angles 


and planes of sharp 
focus. Itis ideal 
for static subjects. 


13 


sunny day the correct amount of light is 
admitted. Complex cameras, designed to 
take perfect photographs in all kinds of 
lighting conditions, have shutters with a wide 
variety of speeds, from hours to perhaps 
1/2000th of a second; lenses that can admit a 
much greater amount of light (and still focus 
precisely and clearly); and built-in acces- 
sories of many kinds. 

Generally the principal built-in accessory 
is an electronic exposure meter, which can 
automatically adjust shutter and diaphragm 
to the correct relationship, In many minia- 
ture (and some other) cameras the shutter is 
not built into the lens, or set just behind it, 
but lies almost against the film. These shut- 
ters are known as focal-plane shutters. 


Film, developing and printing 

Film may be cut into sheets, loaded into a 
light-tight cartridge or cassette, or wound 
(backed with paper) on to a metal spool. It is 
thin transparent plastic coated with a photo- 
graphic emulsion made of grains of silver 
salts suspended in gelatine. The grains are 
relatively large in highly sensitive (fast) film 


12 The processing 
chemicals are spread 
onto Polaroid film 
agit is pulledfrom 
the camera [1]. After 
15 seconds [2] the 
paper printis re- 
moved [3] from its 
negative. Fixer may 
be brushed on |4). 


and small in slow film. Correct exposure is 
affected by film speed as well as by shutter 
speed and diaphragm opening 

The latent image formed on the film [13] 
is made visible and permanent by chemical 
processing in four main stages ~ developing, 
stopping development, fixing and washing. 
With negative film, developers darken the 
film in proportion to the light that reached it, 
so that the brighter parts of the scene that was 
photographed appear dark. In colour nega- 
tive film [14] the colours of the original sub- 
ject are also reversed, each colour being rep- 
resented by its complement. Thus yellow 
appears as blue and red as cyan, 

Fixing simply removes from the emulsion 
all the chemicals not affected by light, leaving 
areas of clear film, These portions print black 
in the final photograph, A “stop bath” be- 
tween developer and fixer stops development 
at the correct point, Washing removes 
unwanted fixer, which would otherwise 
eventually spoil the negative. The printing 
process [10] is identical, except that light- 
sensitive paper is used (although film may be 
used if the photograph is to be projected), 


«ey 


Whentheshutter|1)  splitalongtwopaths. [5] into the photo- 


is released light re- Mostisreflectedup- _ electric cell of an 
flectedfromascene wards fromamirror exposure meter [6], 
is focused on to film, [3]intoaviewfinder or directed to a cell 
Betore the photo is [4]. A little is eith inthe base of the view- 


takan, light enter- 
ing tho lons [2] is 


reflected downwards 
from a smallør mirror 


8 Ablack-and-white 9 After drying, ti à 
filmisprocessedby  nogativeis seen 

immersion in a picture with 

suitable de reversed tones; tho f 
[1]. The image is blacks are recorded 
thenwashed(Zjand ascleor, the whites 


ade permanent by 
“fixing” [3], andthe 
negative is washed 
again [4] and dried [5] 


as black, with 

the intermediate. 
tones as their com: 
plementary tones. kæ 


11 When it is washed 
and dried the paper 
as a permanent 


n 


10 To mako a print, 
light-sensitive 
paper is exposed to 


a same-size o! vand-white 
largedimage ofthe image ofthe subject. 
negative [1], then The exact range 


processed asisa from black to white 
film [2-6]. The depends on the 
paper is 


Sensitive 


14 When light falis 
(Jon the light-sensi- 
tive emulsion of a 
film [2] it form: 
latent image [3]. 
Grains of silver 
halide are slightly 
d; the more 


grains are affected 
[4]. In developer 

the grains are con- 
verted back to black 
metallicsilver. At 

first a few are changed 
[5]; later a dens 


13 Colour films ha 


remaining silver 
halide is then ex: 
posed and colour de- 
veloped. Now the 
filmis opaque, as 
allsilverhas been 
blackened [3]. The 
silver is bleached 
outleaving a 
naturally coloured 
dye image [4]. [B] 
Dyes form inthe 


sensitive to blue, 
green and red light 
respectively: each 
formsa latent image 
onexposure [1]. 

IA] Most trans- 
parency film is 

first developed to 
ablack-and-white 
negative [2]. Ail 


After bleaching the 
negative image isin 
complementary 
colours [3], andit 
also has residual 
yellow and orange 
dyes. This ensures 
the correct colours 
inthe subsequer 
printing proce: 
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Taking pictures 


In the modern world, photography has 
replaced painting and drawing as the chief 
means of making pictures, It lets men capture 
images without the need for graphic skills. 


Using a camera 
Even with the simplest camera there are rules 
to be followed. For example, a suitable film 
must be used, and the camera must be prop- 
erly positioned so that the subject is not too 
close and out of focus, nor too far away and 
too small in the finished picture. A live sub. 
ject must keep reasonably still, the camera 
must be held level and steady, and the shutter 
release pressed gently 

With a more complicated camera the 
right exposure must be selected, On some 


cameras the photographer simply sets a 
pointer to the appropriate weather symbol 
With others, the camera automatically sets its 
own aperture or shutter speed, or both. In the 
most sophisticated equipment the exposure is 
set manually, or by overriding the auto- 
matic system, to give creative control 

Lens apertures, or “stops”, are normally 
expressed as f-numbers [2]. These are so 


D E 


1 Shutter spoed deter- 
mines how sharply 
moving subjects come 
out, Ata slow speed 
such as '/1s second), 
moving things are 
blurred. This gives 
emphasis to move. 
ment, as inthis 
waterfall [A]. At 
intermediate speeds, 
0F"/239, ord 
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inary movements do 
not affect the pic 
ture, but really 
fast objects still 
blur. Fast speeds, 
Such as '/sw or 
second can 
freeze most move- 
mentand reveal 
details that are 
normally unseen, 
as shown in |B} 


calculated that the light-passing ability of any 
lens is the same at the same f-number within 
the limits set by manufacturing tolerances 
and lens efficiency. The smaller the number 
the more light reaches the film. Most cameras 


have apertures indicated by numbers from 
the scale: 1, 1.4, 2.8, 4, 5.6, 8, 11, 16, 22,32 
Each number symbolizes half the light 


passing ability of the one before it on the 
scale, Some cameras have maximum aper 
tures that fall between the scale figures 
Shutter speeds [1] may also be set on a 
scale that halves the light reaching the film 
with each step, The commonly used speeds 
are all fractions of a second, usually on the 
scale: 1, '/:, 4 


“/woo, Any one of a number of combinations of 
aperture and shutter speed can give the same 
exposure. For example, many colour films 
need an exposure of "ize at f11 in bright sun 
They receive the same amount of light with 
"Yoo at (22, and Yaw at (5.6. 


Filters and focusing 
The way in which a film records colours as 
monochrome tone values can be modified by 


ie 


2 When the lens is 
settoa large 
aperture (such as 
14) it has little 
depth of field. Only 
part of the subject 

is insharp focus, 
The actual plane of 
the sharp image dep- 
ends on how close [A] 
or distant [B] the 
lensis focused, At 


small apertu: 
(large -numbers 
such as f16) the 
depth of fieldis 
much larger and 
most of the subject 
comes out sharp [C] 
Choosing the 
aperture can con- 
centrate attention 
onselected 

parts of the subject 


using filters, They are discs of coloured glass 
and when placed in front of the camera lens 
they transmit light of their own colour and 
absorb light of other colours, A yellow filter 
can be used in landscape photography to pre 
vent over-exposure of the blue sky and to 
highlight detail in cloud formation 

The chosen combination of aperture and 
shutter speed is decided by the amount of 
light available. The aperture determines how 
much of the picture is in sharp focus. The dis 
tance between the nearest and farthest parts 
of the subject that come out sharp is called 
the depth of field. It is not only affected by 
the f-number. It is smaller with longer-focus 
lenses, often called telephoto lenses, and 


greater with shorter-focus (generally wide 
angle) lenses. The depth of field also 
decreases or increases as the distance bet 


ween came 


increased [7] 


a and subject is decreased or 


Shutter speed determines how sharply 
Moving subjects come out. Slow speeds carry 
the risk that the picture will be spoiled by 
camera shake. Few people can hand-hold a 
camera steadily enough to use times longer 
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Sos aiso 
Photography 

Cine photography 
Video recording 


History and 
Culture? 


3j 


than '/w second, and for hand cameras "w or 
"has is preferable 

Simple cameras are pre-set to give about 
‘Ju second at f1 1. They have enough depth of 
field to take sharp pictures of anythin; 


than about 1.5m (Sft) from the camera. 


g more 


The professionals 
Professional photographers work in a wide 
of fields. Some record life as ij is for 
magazines and similar publica 
tions, Others set up the situation they wantin 
3 carefully che 


newspapers, 


a studio or on sen location 


ve 
illustrations or in advertising to show a pro 


Their pictures are usually used as decors 


duct to its best advantage 


Photo-journalists. and other 


reporting 
photographers have to take scenes as they 
find them, They create their pictures by 
choosing a suitable 


ewpoint and man 
ipulating the shutter speed and aperture 
They may have some simple portable 
lighting. such as an electronic flash gun, But 
this is normally used merely to illuminate a 
subject that is not well enough lit 


On the other hand, advertising, portrait 


ind industrial photographers manipulate 
their lighting to make the most of the subject 
A studio set may be lit hy several electronic 
t 
lights and floodlights [3]. The first considera- 
tion is the angle of the main or key light, fol 
lowed by the amount of fill-in light used to 
keep the shadows from being too dark, There 


flashes [6], or by a series of theatrical s 


may also be background lighting, or special 
effects, such as a backlight to make a model's 
hair glow 

Professional photographers understand 


how to get sharp. grain-free, perfectly lit and 
accurately coloured pictures. But much of the 


impact of good, exciting photography 
depends occasionally on bre: ü the rules to 
create something more than a mere record of 


what is in front of the camera. 

Whether he breaks rules, or follows them, 
has. sophisticated or simple equipment. a 
photographer create 
finder 


his picture in the view 
the shutter 
release, Before this vital moment arrives the 


the instant he presses 


most important lesson is to make a cri 


cal 
xamination of the whole composition of the 


prospective pic 


One good picture is 
worth 1,000 words 
this maxim isknown 
and understood by 
every newspaper edi 
tor For example, 

this photograph 
takan by Chris Steole 
Perkins, shows all 
the agony and despair 
of the terrible con 


flict in Bangladesh. 
Itsays far more 

about human suffering 
than the most elo. 
quent of reports 
could achieve wit 
descriptive prose 
The racent history of 
war and revolution 
in Asia, Africa, the 
Middle East, South 


4Cameralensescon 4 
sist of glass or plastic 
elements in a tube. i 
Number, shape and 
position of the e 
ments determine th 
focal length and 
maximum aperture 
Ona 35mmcamera, a 

35mm lens covers a 

wide field of view. å 


a 50mm løns covers a \ 


standard field, Some \ 
lenses can zoom 

through a range of 

focal lengths be- 

tween two fixed 

points, asinan 

extremely long 

focus or telephoto 

lens of 200-600mm, 


0mm 


5 Simple cameras 
often take battery 


fired flash cubes, 
with disposable flash 
bulbs mounted in 
reflectors, which to 
tate between flashes. 


6 Electronictlash 
guns give am 
photographers gi 
flexibility, Many of 
them have built-in 
automatic exposure 
circuitry. They give 
uninteresting, but 
accurate, lighting 
when mounted ona 
camera. They canbe 
used off the camera 
togive greater 
variety. The chief 
parts are the bat 
teries [1], exposure 
calculator [2], con 
necting lead (3; 
camera socket plug 
|, mounting shoe 
5) and flash tube [8] 


East Asia and North 
ernireland has, 
brought to the fore 
photo: journalists 
able to capture 
the violence and 
ampassion of the 
modern age, often 
risking their own 
afety in orderto 
take good pictures. 


3 The angle at whic 
light falls onthe 
subject changes its 
appearance inthe 
photograph, Direct 
lighting from the 
front gives aflat 
look. Ifthe key 
light is movedto 
the side |A], above 
[B] or below [C] 
creates a mora 


ffect can be 
harsh witha “hard 
light source. To 
soften it, afill 
light is used. It 

is placed in a 
more-or-less 
frontal position, 


®© 


7 Altering the focal 
length alters the 
subject's size, pic 
tured froma fixed 
camera position. (if 
the camera is moved 
80 that the subject 

stays the same size, 
it comes outa dif 
ferent shape with 
differentangles of 
view.) A wide-angle 
lens iA) enlarges the 
nose and chin, while 
a narrow angle, long 
focus, lens [C] 
tends to flatten 
them, but is pre 
ferred for portraits 
Astandard lens is 
in between [B], 
andintendedto 
give a normal view 
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Cine photography 


A movie camera [Key] works just like a still 
camera, with one major exception: instead of 
taking just one picture of a scene, it rapidly 
takes a series of pictures or frames [7]. The 
usual rate for taking and projecting amateur 
movies is 18 pictures a second and for profes- 
sional movies 24. Older silent movies were 
shot at 16 pictures a second. Each exposure 
Produces a static view of the scene; but any- 
thing that moves isin a slightly different place 
in each succeeding frame. When the pictures 
are projected in sequence the movement is 
re-created. If pictures are taken at a faster 
Tate, such as 48 or 72 a second, they produce 
slow motion when projected at normal 
speed; pictures taken at longer intervals, such 
as 16 or 8 a second, produce a speeded-up 
Motion at normal projection speed. 


The camera 
All movie cameras have a motor ~ usually 
electric, occasionally clockwork -to drive the 
film from one spool to another; and they all 
have a lens, shutter and gate mechanism, 
Apart from these features, they vary enorm- 
ously. The simplest cameras have a fixed- 


focus lens and simple automatic exposure 
systems — ensuring acceptable results in most 
outdoor conditions. More versatile cameras 
are fitted with zoom lenses that allow a range 
of image sizes. These lenses generally have a 
focus control and often a built-in rangefinder 
system. Only in the most sophisticated 
cameras can the lens be removed and 
replaced with another. Super 8 cameras 
Tange in sophistication from the movie 
equivalents of box-cameras to complex 
machines hardly distinguishable from 16mm 
professional equipment 


Cine camera film 

Cine camera film is used in five widths - 
70mm, 35mm, 16mm, 9.5mm and 8mm. The 
70mm and 35mm sizes are used by major film 
companies in cameras that are highly com- 
plex and expensive. Such cameras are often 
used with special image-squeezing “anamor- 
phic” lenses to produce wide-screen pictures, 
16mm film is used for smaller-budget 
commercial pictures, documentary films, 
much television filming and by serious 
amateurs. A special format with a larger pic- 


1 Moving subjects 
wore first pictured 
as a series of stil 
photographs by 
Eadweard Muybridge 
(1830-1904) in 1877. 
He set up 1 er 
25 cameras fitted with 
high-speed shutters. 
As a horse galloped 
or trotted by, 
it set off each cam- 
era in turn by break. 
ing a string or 
through electrical 
contacts. Later Muy- 
bridge extended his 
technique to a wide 
range of subjects, 

ing the princi; 
of moving picture 
toys (such as the zoe- 
trope) to produce 
moving images. 
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632 


3 Thomas Edison 
(1847-1931) was the 
first to use flexible film 
to show a series of 
moving 
Kineto 
first 
shown in 1889. It 
held a continuous 
15m (50ft) loop of film 
which was moved 
through the machine 
by a hand crank. A 
synchronized rotating 
disc shutter flashed 
an image of each pic- 
ture to the eyepiece 
where it could be 
seen by one person. 
It produced th 
‘moving pictur 


images 


Eyepiece 


Shun 


Light source 


Film 


Crank 


ture area, Super 16, is made for wide-screen 
filming to be printed on to 35mm film stock 
Although apparently superseded for a 
quarter of a century, 9.5mm still has its adhe- 
rents. 8mm is the popular amateur format 
and is beginning to be used for low-budget 
television work. There are two picture sizes — 
Standard 8 and Super 8. With Standard 8 the 
camera is loaded with special 16mm film 
either on simple spools or in reloadable 
magazines. After half the width (that is, an 
8mm-wide strip down one side) has been 
exposed, the film is turned over to expose the 
other half, It is cut along the middle after 
Processing. Super 8 film in plastic cartridges 
has virtually superseded Standard 8, It has a 
larger picture area than Standard 8 and is not 
as subject to light leakage. 

Because the same piece of film is nor- 
mally used both for filming and projection, 
almost all amateur movies are shot in colour 
reversal film ~ usually rated at 40 ASA (17 
DIN) in artificial light or 25 ASA (15 DIN) in 
daylight. ASA and DIN ratings are a measure 
of the “speed” of the film ~ that is, its sen- 
sitivity to light. Super 8 cameras have a built- 


2 The gun camera circular photographic 
was produced by plate. Marey was not 
Etienne-Jules Marey limited to subjects 
(1830-1903) in 1882. It which could trip the 
was the first single 
camera to take a ser- 
ies of photographs, It 
was sighted like a gun 
and, when the trigger 
was pulled, took 12 
pictures in one 
second on a revolving 


4 Film showing was 
revolutionized in 
1895 when the 
Lumiere broti 
developed the first 
movie projector 

They called it the 
Cinematograph. As in 
a modern projector, 
the film [1] passed 
from one reel [2] to 
another intermittently 
through a gate [3]; 
and a shutter-con 
trolled light source 
flashed consecutive 
images through 
lens [4]. Moving pic- 
tures were an instant 
success, and within 

a decade the motion 
picture industry was 
a reality, 


CONNECTIONS 
See aiso 


camera shutter, and 
de numerous 


ies of photo. 


graphs of birds, 


in filter and normally use the 40 ASA (17 
DIN) artificial light film with this filter in day- 
light. 160 ASA (23 DIN) films are available 
{or poor lighting conditions and, with spe- 
cially designed lowlight XL type cameras, can 
make films in ordinary domestic lighting 

Most professional moviemakers use 
negative film ~ either colour or black-and- 
white, The colours or tones of the final copies 
are determined in the processing laboratory 
The films for projection are always positive 
like colour transparencies, but negatives are 
used for some television transmissions and 
they are reversed electronically 


Projection and editing 

For normal viewing, movies are projected at 
a suitable speed. The film is projected as a 
series of static images. If the images follow 
one another fast enough, the effect is a 
moving picture, To reduce flicker, the pro- 
jector shutter closes and opens again during 
each frame. So at the cinema we see 48 pic- 
ures a second, each of which is repeated with 


a moment of blackness intervening 
For home movies, the original camera 


ou 


6 Modern cinema pro- 
jectors, like this 35 
and 70mm model, use 
carbon arcs [1] to 
give brilliant light. The 
carbons are mech. 
anically driven (2) 

so that the arc 
remains constant as 
they burn away. A 
rotary shutter [3] 

lets the light 

through to the film 
while itis station 

ary. It cuts off the 
light each time the 
intermittent mech 
anism moves the film 
onto a new frame. 
Some smaller projec 
tors use pulsed 
xenon arc light 
sources, which do not 
need a shutter, The 
sprocket drives |4] 

to and from the 

gate operate con 
tinuously. Small 
loops above and be: 
low the gate allow for 
intermittent move 
ment. To give good 
sound reproduction 
the film must travel 


absolutely smoothly 
across the magnetic 
or optical sound 
pick-ups [5]. The 
projector has a 
sound amplifier. The 
shield [6], foed 
spool [7], lens [8], 
focus drive [9], 
take-up spool [10] 
and film guide [11] 
are other main parts. 


film is projected. In professional work this 
hardly ever happens. Prints are made from 
the camera negatives and are edited and “cut 
together” to make a complete film. The 
camera negatives are then cut and joined 
together to match. Any optical effects are 
added at this stage. Such effects include 
fades” to black or white, “dissolves” from 
one scene to the next, and “wipes” in which a 
new scene progressively displaces the old 
one. A master negative is then made from the 
complete film and used to produce all the 
prints for distribution. The prints need not be 
on the same size of film as the camera orig- 
inal. For the largest cinemas, 70mm film is 
used, although 35mm is more usual. 16mm 
copies are made for small cinemas, clubs and 
educational establishments, 

Soundtracks on movies may be either 
magnetic or optical. Magnetic tracks are 
recorded on magnetic stripes coated on the 
film, just like a normal tape recording. 
Optical tracks record the sound as brightness 
variations in a dark stripe down the edge of 
the film. It is replayed by shining a light 
through it on to a photoelectric cell [7] 


In a movie camera, 
fresh film [1] is 

fed from a spool to 
the gate [2]. A rev 
olving shutter [3] 


5 


controls exposure to 
light focused through 
a lens [4]. This 
produces an upside 
down image like that 


5 Floor-mounted 
movie cameras 

are used in studios. 
lighter cameras such 
as this 35mm model 
are used outdoors. 
The camera can take 
most lenses and 
accessories. It can be 
on a camera 
man’s shoulder, but 
gives steadier pic- 
tures when fixed 

to a tripod, Film 
spools are mounted 
coaxially, so the 
balance remains con- 
stant; and to keep 
the noise to a mini- 
mum, the camera 

is sealed in a rigid 


7 A movie film is 
a series of pictures 
ready for projection, 
In each succeeding 
one, moving objects 
are slightly dis: 
placed, Sprocket 

holes along the edge 


in a still camera, 
While the shutter is 
closed, a claw 
mechanism [5] moves 
the film through 

the gate in measured 
steps. Between steps 
the film remains 
stationary and the 
shutter opens and 
closes again, So the 
scene is recorded as 
a series of pictures 
taken one after the 
other. The reflex 
viewfinder uses a 
mirror shutter [6]. 
When the shutter is 
closed, the image 
through the camera 
lens is reflected 
from its mirror sur. 
face to the view. 
finder. As a result, 
the image directed 
through the prism 
and lens system is 
exactly the same as 
that passing through 
the lens. In the 
viewfinder, the cam: 
eraman sees exactly 
what the lens “sees 


housing with a win: 
dow in front of the 
lens, The gate is fitted 
with register pins to 
ensure that each 


located on the film. 


Key 
[1] Focus control 


17) Ga 
[8] Sprocket drive 
[9] Pull-down claw 
[10] Register pins 
[11] Indicator 
[12] Viewtinder 
[13] Footage indicator 
[14] Lens 


ensure that each 
frame is held in just 
the right place in 

the projector. A var- 
iable pe 
along one edge car- 
ries the soundtrack. 
As this passes a light- 
sensitive cell, it 
modulates the light 
from a lamp and pro- 
duces sound signals. 
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Communications: telegraph 


Long-distance communications, which for 
thousands of years had depended on the slow 
and unreliable travel of messengers by foot, 
horseback or ship were transformed by tele- 
graphy. Simple forms of semaphore had long 
been used, but the transmission of messages 
beyond the range of sight had to wait until the 
discovery of electricity. The idea was 
foreshadowed as early as 1753 by a Scottish 
doctor, Charles Morrison, in a letter to the 
Scots Magazine. In 1764 Georges Louis Les- 
ages built and operated an experimental elec. 

tric telegraph in Geneva using static elec- 
tricity and an electroscope. The mutual 
repulsion of a pair of pith balls indicated the 
Presence of an electric charge in a wire con- 
nected to them and a separate wire was used 
for each letter of the alphabet 


Single-wire telegraphy 

At the end of the eighteenth century, Napo- 
leon Bonaparte (1769-1821), who was the 
first to make use of a systematic telegraph, 
still had to rely on a visual system invented by 
a French merchant, Claude Chappe (1763- 
1805), to receive intelligence reports and 


3 A Morse key is 
lly a switch, 
rly two-pole 
koy has a closed cir 
cuit between points 
1 and 2 when at rest. 

When the key is 
depressed contact [1] 
is broken and the 
circuit made in: 
through 3. Current 
entering via the black 
wire is switched 


send orders to his army [1]. It was not until 
1816 that a single-wire telegraph was 
invented by an Englishman, Francis Ronalds 
(1788-1873). He set up discs turned by 
clockwork at each end of the wire. Each disc 
was initialed with the alphabet round its rim 
and, as the desired letter aligned with a 
Pointer, the sender’s wire was connected to 
an electroscope. With the discs synchronized, 
a man at the other end of the wire could note 
the letter indicated each time the wire 
received a charge. 

Ten years later an American, Harrison 
Gray Dyer, built the first practical electrical 
telegraph by using the recently invented vol 
taic cell (battery) and a chemical solution that 
indicated the presence of an electric current 
by the formation of bubbles at two elec- 
trodes. Dyer sent messages along 12,5km (8 
miles) of wire laid in Long Island, New York, 
using the earth to complete the circuit 

The final step in the evolution of the elec- 
tric telegraph came in 1831 when another 


American, Joseph Henry (1797-1878) 
replaced Dyer's electrolytic indicator with an 
electric bell, using the principle of 


from blue to red. 


tromagnetism discovered in 1819 by the 
Danish physicist Hans Christian Oersted 
(1787-1851). Henry used a code to indicate 
the different letters of the alph; 
Two Englishmen, William Cooke (1806- 
79) and Charles Wheatstone (1802-75), 
designed and installed the world’s first 
commercial telegraph [2]. This was a five- 
wire system, first tested in 1837 between 
Euston and Camden Town on the London- 
Birmingham railway and installed two years 
later, between Paddington and West 
Drayton, for the Great Western Railway 


Morse code and later developments 

Up to this time each inventor had devised his 
own means of coding messages. It was an 
American inventor and painter, Samuel 
Morse (1791-1872), who first recognized the 
practical and inportance of 
devising a standard code, He demonstrated 
his own code in 1837 and it was the revised 
Morse code that eventually made possible 
the development of electric telegraphs 
throughout the world. Consisting essentially 
of a single wire, the telegraph circuit was 


commercial 


1 The earliest form 
of long-distance 
communication, apart 
from jungle drums, 
smoke signals and 
similar crude de- 
vices, was the visual 
semaphore invented 
by Claude Chappe 
and used by the 


French army from 
1794. The Chappe 
telegraph consisted 
of pairs of hand: 
operated semaphore 
arms located on a 
chain of towers 

built on the tops of 
hills within sight 

of each other 


4 This early Morse 
receiver-printer 
operated by closing 
the circuit of the 
transmitter (a simple 


key). The current 
‘energizes the coils 

[1]. The lever [2] is 
moved by magnetic 
attraction, bringing 
the printing disc [3] 
into contact with 

the paper tape for 

the duration of the 
current. The disc is 
linked by contact with 
a roller immersed in 
a bath of printer's 

ink. The movement of 
the paper tape is 
effected by clock 
work wound by the 
handle (4). It was 
found that a skilled 
operator could “read” 
a buzzer quicker 

than an inked tape. 


CONNECTIONS 


2 The world’s first 
commercial telegraph 
was the five-wire 
system set up by 
Charles Wheatstone 
and William Cooke 

in England in 1839. 
Switch pairs made 
each noodle deflect 

in either direction, 


5 Emile Baudot's 
multiplex system er 
abled several tele- 
graph operators to 
nd messages over 
the same line simul 
taneously. Each oper- 
ator’s set was con: 
nected in turn to 
the line by a dis: 
tributor for just 
enough time to allow 
transmission of a sin 
gle letter in the 
form of a five-unit 
code, By exact phase 
synchronization 
outgoing signals 
could be correctly 
separated and 

read” on receivers 
at the other end. 


completed by a battery and key between the 
wire and the earth at the sending end [3], and 
an electromagnetic sounder between the wire 
and the earth at the receiving end. 

The laying of submarine cables [6, 8] was 
a natural development of the electric tele- 
graph. A connection across the English 
Channel in 1850 encouraged engineers to 
attempt the more difficult task of laying a 
cable across the Atlantic. Success came in 
1858 when a cable was laid from Ireland to 
Newfoundland, although a reliable link was 
not established until 1866 [Key]. 

Because wire is expensive inventors soon 
turned their minds to ways of sending a 
number of messages simultaneously along a 
single wire. The breakthrough came in 1874 
when a Frenchman, Emile Baudot 
(1845-1903), designed an instrument which, 
when fully developed, could interlace six 
messages and unscramble them [5]. 


Automatic telegraphy 

Baudot's system, in which every letter con- 
sisted of five pulses (or absence of pulses), 
was used successfully for about 50 years until 


6 Atypical early percha; a layer of 
submarine cable jute fibre [4] with 

was made up of galvanized steel wires 
a stranded copper embedded in it (for 


conductor [3], usually 
of wires or copper 

tapes woven round a 
stout central st 
an insulating la 
12], originally of gutta 


strength); another 
tayer [1] of com- 
pounded jute; and 

n outer waterproof 
layer [5] tough enough 
to withstand chafing. 


replaced by a more sophisticated frequency 
division multiplex, invented in the 1890s by 
an American, Elisha Gray (1835-1901). 

To reduce the time spent coding and 
decoding messages much effort was given, 
over many years, to the invention of an 
automatic printing telegraph. David Hughes 
(1831-1900), an American professor of 
music, built the first practical printing tele- 
graph in 1854 [4], but it, too, was slow. In 
1921 a Russian, N. P. Trusevich, invented 
what is called the “start-stop” system and the 
modern teleprinter became possible. The 
new invention solved the problem of keeping 
the receiving machine perfectly synchronized 
with the sending machine when the 
operator's typing speed varied slightly from 
letter to letter [9]. The modern teleprinter, 
using the five-unit code, can transmit up to 
13 characters a second when working from 
punched paper tape which the operator first 
prepares, typing at his own speed. Telex [7] 
enables up to 26 teleprinter messages to be 
carried on a single telephone cable. Photo- 
telegraphy [10] completes the range of 
modern telegraphic communications. 


8 Telegraph cabling 
across the Atlantic 
first became fully 
successful in 1966, 
After this the world’s 
oceans were soon 
crossed by a network 
of such cables. The 
map shows today’ 
transatlantic routes. 
Cable communi 
tions were supplemen- 
ted by radio in the 
1920s and by satellite 
systems in the 1960s. 
Cables retain the 
ntage of pri 
because, unlike radio 
signals, the messag 
they carry are dif- 
ficult to intercept. 


10 


Key 
Acable-laying ship 

is specially designed 
so that miles of sub- 


over sheaves in the 
bows. Today ci 
laying is a rout! 
task, but it took the 


American business- 
man Cyrus W, 
Field (1819-92) 
nine years and five 
attempts before the 
first successful 


in 1866. For the lay- 


7 A modern telex in- 
stallation comprises 
teletypewriter [A] 
and a dialling unit 
1B], both often built 
into a single console, 


conventional type- 
writer keys (2). Al 
ternatively, the 


punched 
tape [4] and fed in 

for extra speed in 
transmission or when 
a line is free. For 
checking, the trans- 


9 The teleprinter h: 

a seven-unit code 

consisting of a start 

signal, a five-unit 

character signal and 

a stop signal. The 
tart and stop 


the five-unit signals 


10 In photo-tole- 
graphy, used widely 
by newspapers, the 
picture Is “scanned 
by a spot of light 
that covers its 

in a series of 
parallel lines, The 
brightness of each 
element is converted 
by the cell [1] into 
an electrical signal 


ing the engineers 
used the largest 
ship then afloat, 

the steam screw and 
paddle ship Great 
Eastern built by 

the British engineer 
Isambard Kingdom 
Brunel (1806-59), 


mitted message is 
‘automatically printed. 
out above (3). When 
not sending, the 
equipment is lett 


ready for receiving. 
jort 


A buzzer cai 
the receiving o 
ator to an incoming 
message. If the op- 
erator is absent 

the teletypewriter 
is automatically 
activated to ra 
duce the message 
on the paper [3]; 
Incoming messages 
can thus be “stored” 
in typed form on 

the machine until 
‘operator returns, 


in step for each 
transmitted letter, 
despite the fact 

that no two typists 
operate at the same 
precise speed or 
pertectly evenly. 
Morse signals, being 
of unequal length, 
cannot be so used. 


that is transmitted 
[2] by telegraph. A 
machine at the 
receiving end con- 
verts the signal 
back into a picture 
by printing it dot 

by dot according to 
the incoming signal. 
Pulses [3] synchro- 
nize the motors (4) 
and traverse [5] 
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Communications: telephone 


Inventors working independently often 
arrive at very similar solutions to a problem 
So it was in 1876 when Alexander Graham 
Bell (1847-1922), a Scottish professor of 
vocal physiology living in the United States, 
applied for a patent for his electric telephone 
only a few hours before an American from 
Chicago, Elisha Gray (1835-1901), filed a 
similar application, Bell was granted the 
patent and has since generally been credited 
as the sole inventor of the telephone 

Bell's instrument [2] was used both as 
transmitter and receiver and needed no bat- 
tery. But the current generated when sound 
vibrated the diaphragm in its “microphone” 
was small and the instrument was therefore 
unsuitable for telephone communications 
over long distances 


‘The microphone and telephone exchange 

In 1877 the American Thomas Edison 
(1847-1931) invented the carbon mic- 
rophone. By another coincidence a similar 
microphone was developed independently a 
year later by the English scientist David 
Hughes (1831-1900), who is now generally 


a 


3 An exchange net- 
work allows telephone 
Subscribers to dial any 
number in a nat 
system. The lines 

and numbers indicate 


interconnected ex. 
changes in a city. All 
city, local and main 
nal exchanges have lines 
to subscribers. A 
caller on exchange P 


the direction in can call numbers on 
which calls can be exchange N by first 
routed and the dialling the code ”'$ 


dialling code for 
each route, The 


‘or numbers on ex- 
change Q by dialling 
code "987". To call 


local, the other for 
long: 
The circles are sub: 
exchanges - those top 
right being directly 


credited as the inventor. The carbon mic 
rophone [4] modulates an electric current 
from a DC source creating a voltage that 
varies in step with the sound waves. It is used 
to this day as the transmitter in modern tele- 
phones, the receiver being an elec- 
tromagnetic carphone similar to that 
patented by Bell. A varying voltage in the 
earphones coil causes a metal diaphragm to 
vibrate and produce sounds at low volume. 

For the telephone to become a practical 
Proposition it was necessary to find a means 
of interconnecting any pair of a number of 
instruments. The first telephone exchange 
was opened at New Haven, Connecticut, in 
1878 and a similar eight-line exchange was 
set up in London a year later. In the early 
exchanges, an operator used plugs and soc- 
kets to connect callers, 

In 1889 an American undertaker, Almon 
Strowger, annoyed by the inefficient service 
from his local exchange, designed an 
automatic selector. The first automatic 
exchange was opened in La Porte, Indiana, 
in 1892. The Strowger electromechanical 
selector [5] became standard equipment for 


1 An early telephone 2 A 
designed by a Ger 

man, Philipp Reis, in 
about 1861 hos a trans- 
mittor [A] with a metal 
point in light contact 
with a metal strip 

fixed to a membrane. 
Reis believed that 

the intermittent 

circuit caused when 
the membrane vibrat- 
ed would produce a 
varying electric 
current which could 

be reconverted into 
sound, The re 
[B] was bas 
=the change in length 
of an iron needie in 

a magnetic field 


exchange She must 3 
first dial code "991", 
and to call a number 
on exchange T the 
code is "99186" 


telephone exchanges throughout the world 
during the next half century 

Since 1926 an American invention, the 
crossbar switch, has replaced the Strowger 
selector in Sweden. It is in use today in both 
the United States and Great Britain, 
but both systems are being replaced by 
computerized electronic exchanges. 


Telephone cables 
The largest single expense in any long- 
distance telephone system is the cost of the 
wires that connect subscribers to each other 
Research into the problem of using a single 
cable for more than one simultaneous tele- 
Phone call bore fruit in 1936 when the first 
12-channel coaxial cable was laid between 
Bristol and Plymouth in southwest England. 
The system uses electric carrier waves of 
different frequencies, which can be trans- 
mitted simultaneously along the metal core 
of the cable and separated at the other end by 
a series of electronic “filters”. each of which 
accepts signals of one frequency only. 

The longer a telephone line, the weaker 
the electrical signal reaching the end: this is 


2 Boll's first tele- 
phone used a parch- 
ment drum, which 
vibrated when sound 
waves reached it. 

A piece of iron 
Supported by a 
short length of clock 
Spring so that it 
rested lightly on 


An electromagnet [B] 
was placed so that 


ron pi 
the parchment and 
the iron vibrated a 
small varying elec 

tric current was in: 
duced in the coil. 
When two such instru- 


A long-distance call 
between exchanges P 
and Mis routed by 
dial code “072188” 
through trunk ex 
change N, which has 
equipment to take 
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ments were connected 
the current produced 
by one energized 

the magnet of the 
other, causing the 
iron piece and 

the parchment to 
vibrate in step with 
the first, By this 
means a voice or any 
other sound that 
vibrated one parch. 
ment diaphragm wa: 
reproduced by similar 
vibrations of the other. 
Alexander Bell 
obtained the publicity 
ho needed for his 
Invention when it 
was seen by the 
Emperor of Brazil 


care of long-distance 
billing. A call to city 
exchange B starts 
with code “051” which 
connects the call to 
‘director exchange A. 
This automatically 
routes the call the 
most convenient way 
via other city ex- 
changes. Foreign 

calls are routed by the 
trunk exchange to the 
nearest international 
exchange, where 

the call is passed 

to the other country, 


due to the resistance of the wire. Automatic 
amplifiers (called repeaters) overcame this 
problem and today these are incorporated in 
multi-channel cables every 16km (10 miles). 
The first transatlantic multi-channel tele- 
phone cable, called TAT 1, was laid in 1956. 
Tt was a twin coaxial cable ~ one for speech in 
each direction ~ running from Scotland to 
Newfoundland and included 51 repeaters in 
cach cable, Today, submarine telephone 
cables with two-way repeaters encircle the 
world. The repeaters are powered by alter- 
nating current from the same cable core that 
carries the modulated carriers, The power 
frequency is much lower than the carrier 
frequencies, so there is no interference 

For many years automatic dialling could 
be used only for calling a subscriber con- 
nected to one's own exchange. The problem 
of extending the system was largely one of 
designing a means of automatic billing that 
would charge according to distance and time. 

Today. when a call is dialled the equip: 
ment connects the line to an electronic pulse 
generator. Each pulse records a fixed unit 
charge on the subscriber's account, The pulse 


4 The heart of a 
carbon microphone is 
a small insulating 


the pressure 
e granules, and 
thus the electrical 


generator selected depends on the distance of 
the called exchange 

Modern coaxial cables can carry an 
increasingly large number of simultaneous 
conversations ~ current research is producing 
multiple cables capable of handling up to 
3,000 channels - but microwave radio has 
been playing a rapidly growing part in 
telecommunications since the early 1960s. 


Microwave telephony 
Modern microwave systems use relay towers 
at 40-SOkm (25-30 mile) intervals. Tele- 
phone signals are used to modulate micro: 
wave radio carriers instead of the electrical 
carriers used in coaxial cables [6], The British 
microwave system [Key], which has about 
120 relay stations throughout the United 
Kingdom, is typical. It operates with 132 
separate microwave carriers, each able to 
accommodate 2,700 simultaneous telephone 
conversations (many of the channels are used 
to relay television signals), For interconti- 
nental telecommunications microwave ca 
riers are beamed up to satellites, amplified 
and beamed down to ground stations 


the third line of 
contacts and then 
moves along until 


5 Imagine a caller’ 
telephone is connect 
ed to a wiper [Al of a 


cylinder packed with 
carbon granules. The 
centre of a metal 
diaphragm presses 
against the open end 
of the cylinder. When 
the diaphragm vi 


resistance through 
them, varies, With 

a DC source connec 
variable current 
passes. This current 
will operate a 
magnetic earpiece. 


Coaxial cable 


Strowger selector 
He dials 3064. In 
response to the three 
olectrical impulses 
produced by dialling 
the digit 3, the 

wiper moves up to 


a free line is found, 
(In the illustration the 
wiper has stopped at 


the fifth contact 
because the first 
four lines are 
already in use by 


ney 


other callers.) The 
fifth contact is con 
nected to wiper [B] 
of another selector. 
This moves up to the 
tenth row of lines and 
then moves round 
until it reaches a 
free one ~ once agai 
the fifth, the first 


6 Coaxial cables 
enable a number of 
telephone calls to be 
made simultaneously 
over a single circuit 


Six calls, on lines 


of six modulators 
M1-M6, which vary 
six different carrier 
waves according to 
the audio signals, 
The six modulated 
carriers are then 
fed into a coa: 
cable: At the other 
end, six filters 

F1-F6 are each 

tuned to accept one 
only of the six carrier 
frequencies. Only one 
of the six carriers 

is thus fed into 

each of six de- 

tectors, which 

separate the audio 
signals from the 
carriers, passing the 
former to the six 
subscribers, G-L. 

All the circults are 
duplicated for two: 
way communication, 


four being busy. This 
line is connected to 
wiper IC] of a third 
Strowger selector 
This, unlike the 

first two, which are 
“number-line” select- 
ors, is a "double: 
number" selector. The 
wiper moves up to 


7 


7 An up-to-date 
telephone has a 

set of numbered push 
buttons in place of 
the traditional dial 

A number can be sel- 
ected more quickly 

by push button and 
cross-bar and elec- 
tronic exchanges can 
work as fast as a 

user can “dial”. If 


London's Post Otfice 
Tower is the hub of 
the United Kingdom 
microwave network. 
This provides 
thousands of tele- 
phone circuits and 
upto forty tele- 
vision channels con: 
necting all parts of 
the British Is 
and links them with 
the international 
satellite station at 
Goonhilly Downs in 
Cornwall and a cross: 
Channel link station 
near Dover. The 
tower is 189m (620ft) 
tall, to the top of the 
aerials, and has a mass 
of radio equipment 

on most of its lower 

16 floors, Above is a 
series of open gal- 
leries around which 
stand an array of 
parabolic dish and 
horn aerials for 
microwave signals 


the sixth row of 
contacts in response 
to the dialled third 


digit 6 and then 
waits until the final 
digit 4s dialled. 
Itthen moves round 
to the fourth con: 
tact leading to tele- 
phone number 3064 


a push button tele- 
phone is used with 

a Strowger exchange, 
the number has to be 
stored in a memory 
and converted into 
pulses at a speed 

the selectors can 
handle. Despite 

this limitation the 
push button system 
îs more convenient 
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Communications: radio 


Radio waves were predicted before they 
were discovered, In 1865, James Clerk Max- 
well (1831-79), a Scottish theoretical physi- 
cist, argued the existence of an unseen form 
of radiation. But his mathematics was so 
complex that his theory was at first rejected 
by some scientists, About 25 years later 
experiments showed that electromagnetic 
waves, which include gamma-rays, X-rays, 
and visible light and radio waves, all con 
formed to his formulae 

The first practical demonstration of what 
we now call radio waves took place in 1879, 
when the Anglo-American inventor David 
Edward Hughes (1831-1900) built a crude 
radio transmitter and receiver and passed sig- 
nals without wires along Great Portland 
Street in London. Hughes failed to realize the 
full significance of his experiment and did not 
Publish his findings for 20 years. 


Successful transmission 

In about 1887 the German scientist Heinrich 
Hertz (1857-94) built a spark generator 
[Key] that produced radio waves and a 
receiver that detected their presence at a dis 


3 A 1920s crystal 
set, forerunner of 
the modern transis: 
tor, used a crystal 

of carborundum or 
lead sulphide, a 
semiconductor 

that rectified a 

radio carrier wave. 
This crystal produced 


an alternating 
current of the 

same frequency as the 
sound “carried” on 
the wave. The low 
frequency electric 
current had suffi 

cient power to 
produce sound from 
sensitive earphones. 


tance. In a series of experiments he proved 
conclusively that energy could be transferred 
over a distance in a way that could not be 
accounted for by induction and he is gener- 
ally credited with the discovery of radio. 

Oliver Lodge, an Englishman, was the 
first to build a radio receiver ~ more sensitive 
than Hertz’s coil and spark gap - that could 
be used for practical radio communication. It 
used a coherer [2], a device invented by a 
Parisian Edouard Branly (1844-1940). In an 
experiment in 1894, Lodge used his radio to 
Operate at a distance of 137m (450ft). 

The man who was to take wireless out of 
the purely experimental field was the Italian 
Guglielmo Marconi (1874-1937), After 
failing to interest the Italian government in 
his work he moved to England. In 1898 he set 
up a radio link between the mainland near 
Dover and the East Goodwin light vessel 
moored 19km (12 miles) offshore. A year 
later Marconi fitted the American liner St 
Paul with radio. The first message received 
was transmitted from 97km (60 miles) away 

In 1901 Marconi astonished the world by 
transmitting a radio signal across the Atlantic 


1 Three dots ~ the 
Morse code "S" — 
signalled success 
for Guglielmo Mar. 
coni and for the 
future of wireless 
telegraphy in 1901 
They were transmit 
ted from Cornwall, 
England, and receiv: 
ed 3,520km (2,200 
miles) away in New- 
foundland by the in 
ventor himself. The 
transmitter, using 
electricity generated 
by a 25hp oil en- 
gine, had an aerial 
Supported by four 
61m (200ft) masts. 
Marconi’s receiver 
was connected to a 
122m (400ft) aerial 
supportot by a kite, 
Marconi had proved 
to doubting science 
his firm belief 

that radio waves 
were capable of 
travelling around 
the curvature 

of the earth, 


4 The modern ti 
sistor radio, like 

the old crystal set, 
“detects” (or demod. 
ulates) the radio 
carrier wave, al 
though the process 
it uses is far 

more sophisticated, 
Having created an 
electrical analogue 
of the original 


sound waves, a 
series of amplify- 

ing circuits then 
produce a signal 
that has sufficient 
power to drive a 
‘small loudspeaker. 
Whereas radio wave 
energy was enough 
to operate earphones, 
the transistor sat 
needs a battery, 


i 


Ocean [1] in Morse code. In 1906 a Cana- CONNECTIONS 
dian, R. A. Fessenden (1886-1932), trans- see aiso 

mitted from Brant Rock, Massachusetts, a 
signal in which operators at sea heard a voice 
and music in their headphones. This was the 


first audio-modulated transmission. 


The nature of radio waves 

When electrons oscillate in an electric circuit, 
some of their energy is converted into elec- 
tromagnetic radiation. The frequency (the 
rate of oscillation) has to be very high to pro 
duce waves of useful intensity, but once 
formed they travel through space at the speed 
of light ~ 300 million metres a second 
(186,000 miles a second). When such a wave 
Meets a metal aerial, some of its energy is 
transferred to free electrons in the metal, 
causing them to flow as an alternating electric 
current having the frequency of the wave 
This, in the simplest terms, is the principle of 
radio communication. A radio transmitter 
produces concentrated _ electromagne 
radiation of a chosen frequency. The waves 
so generated are picked up by an aerial. From 
all the waves that come into contact with its 


2 The first practi- 
calradio detectors 
were coherers [A], 
developed by Oliver 
Lodge (1851-1940), 
Each of those shown 
consists of along 
glass tube with 

iron filings packed 
between two metal 
plates. In their 
loose condition 
the filings did n 
conduct electricity but 
when subjected to a 
vibrating electric 
wave they cohered 
(adhered to each 
other), making a 
conducting path 
between the plates, 
In the circuit shown 
[B] the coherer 

[1] acts as a switch 

in an electric 

bell circuit. As soon 

as streams of radio 
waves [2] reach 

the aerial plates 

[3], the coherer 
filings adhere, thus 
ringing the bell [4 


5 Radio waves have 
high frequencies [A], 
whereas sound 
waves have very 
much lower frequen: 
cies [B]. To transmit 
sound by radio it is 
necessary to super- 8 
impose the sound fre- 
quency on to a radio 
wave, Because this 
radio wave carries 
the electrical ana- 
logue of the original 
sound, it is called ‘ 
the carrier wave 
Amplitude modulation 
(AM) modifies the 
energy level of the 
individual carrier 
waves to produce an 
‘envelope" of varying 
amplitude [C] corres- 
ponding to the 
sound waves. In fre 
quency modulation 
(FM), the carrier 
amplitude is kept con: 
stant, the wave's fre- 
quency being in 
creased or reduced 
to produce a fre- 
quency analogue 
of the sound [D]. 
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aerial, the radio receiver amplifies those of a 
lected frequency to which it is “tuned” and 
eliminates all others. 

To transmit voice and music by radio the 
waves of a regular “carrier” signal must be 
modulated (varied) by the audio signal [5] 
The waves may vary either in strength (amp- 
litude modulation, AM) or in frequency (fre 
quency modulation, FM). The receiver is 
then able to eliminate the high-frequency 
carrier waves, leaving only electrical waves of 
the same frequencies as those of the original 
sound. Finally, after amplification, the elec 
trical waves are fed into earphones or a 
loudspeaker, which are able to convert elec 
trical vibrations back into sound waves 


Frequencies, wavelengths and channels 

Electromagnetic radiation can vary enorm. 
ously in frequency. It includes gamma-rays, 
X-rays and ultra-violet, visible and infra-red 
light rays, all of which have very high 
frequencies. Electromagnetic radiation of 
lower frequencies is radio waves. Those 
waves next in frequency to infra-red rays are 
known as microwaves and 


re used mainly 


Short 
waves reflected 


7 The ionosphere 
(a layer of ionized 

gas in the earth's 
Upper atmosphere) 
and the curved 

surface of the earth 
below act together 

as a kind of "wave: 
guide", which bends 
the path of long 

radio waves |B] around 
the earth. The path 


of waves of the 
medium band is 

not as bent, which is 
why they cannot 
normally be received 
more than a faw 
hundred kilometres 
from the transmitter. 
All radio waves travel 
strictly in straight 
lines in free space but 
short waves are used 


for telecommunications between 
within visible range, but also for communica- 
tion with satellites. These waves are followed 
in order of lower frequency (and so of longer 
wavelength) by ultra high frequency (UHF) 
used for television broadcasts; very high fre 
quency (VHF), for radio broadcasting and for 
local communication, such as between air 
craft and ground control; short waves that, a 
high power, are used for worldwide broad 
casting; medium waves for regiona 
casting; and the relatively little used long 
waves. The whole radio spectrum is divided 
by international agreement into bands 
reserved for specific uses and each band is 
generally further subdivided into channels 
spaced so that they do not overlap, 
Stereophonic sound requires the 
reproduction of two separate sound signals 
that correspond to those received by the two 
ears of the listener, In radio this could mean 
doubling the channel width for every 
transmission. Because radio space is already 
congested, engineers have devised a method 
of transmitting two sep 


towers 


broad 


stereo 


rate audio signals 
over one radio channel 


6 The non-stop trend 
towards miniaturiz- 
ation in electronics 
is shown in this 
comparison of a 
typical wireless 

set of the 1930s [A] 
and a transistor 
radio of today [B]. 

A loudspeaker must 


8 Communications 
satellites, owned by 
an international 
consortium of over 
80 nations, provide a 
major part of the 
world’s global com, 
munications. Placed 
in synchronous orbit 
[A] 35,800km (22,375 
miles) above the Equa: 
tor over the Pacific 

[1], Atlantic [2] and 
Indian oceans (3), 

the Intelsat IV sat 
ellites remain in fixed 
positions in relation 
to the earth, each 
capable of relaying 
thousands of VHF 
radio signals to and 
from approximately 
for round-the-world 
communication be- 
cause they ara re: they cover most of 
flected by the iono- the earth with some 
sphere andalso bythe overlapping [B]. 
earth's surface, as There are more than 
though these were mir- 70 earth stations (dots 
rors [A]. Even in (C}) capable of com 
shorter waves pass munication via the 
through the ionosphere satellites, although 
and so are used for submarine cables (red 
space communications, lines) are still used, 


surface. Together 


one-third of the earth's 


still be large if it 
isto reproduce the 
low-frequency com 
ponents of sound, 
but now modern 
technology (much of 
it space technology 
spin-off”) has led 
to the design of 
smaller and smaller 


components of nearly 
all othar kinds, The 
transistor [C, left] 

has almost entirely 
Superseded the old 
thermionic valve 
[right}. Individual elec: 
tronic components 
have been growing 
steadily smaller; more: 


The first radio trans- 
mitters [A], as used 

by Heinrich Hertz 

and Oliver Lodge, 
made use of the radio 
waves generated when 
a high-voltage spark 
jumped between con: 
tacts [B]. Hertz 
beamed the waves 
from aerial plates [1] 
and detected them 
with a loop of wire 

2] in which they 
caused a small spark 
to jump a gap [3]. 


over new develop: 
ments have taken the 
process further, with 
the introduction 

of the integrated 
circuits (IC) in which 
a complete wired 

set of components 

is replaced by 

one minute IC. 
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Communications: television 


Unlike the telegraph, telephone and radio, 
television is unique among forms of tele- 
communications because it was originally 
developed purely as an entertainment 
medium. Today it has many other applica- 
tions, particularly for remote surveillance. 


The dawning image 

V. K. Zworykin (1889- ), a Russian emig- 
rant to the United States, patented the 
iconoscope in 1923. A similar device was 
invented independently in Britain. Forerun- 
ners of modern television camera tubes, 
these were electronic devices in each of which 
a lens focused an optical image on to a screen 
inside a glass container. The image was 
scanned by an electron beam that covered the 
area in a continually repeated series of 
Parallel lines. When the beam struck a bright 
part of the image the electron current flowing 
back was greater than when it fell on a darker 
part of the scene. By using this varying elec- 
tric current to control the intensity of another 
electron beam in a cathode ray tube (a beam 
made to scan the face of the tube in step with 
the beam in the iconoscope), a replica of the 


Electron 
won| 


Photo-cathode, Copper mes 


screen 


(| electron gun 


Returning electron beam 


1 In the image orthi- 
gon black-and-white 
TV camera tube, an 
optical image of the 
studio scene is 
focused on a photo- 
cathode, which emits 
electrons in prop- 
ortion to the amount 
of light falling on it. 
‘These electrons pass 
through magnetic 
and electrostatic 
ields (which keep 
them moving in pa 


allel paths) until 
they fall on a target 
electrode behind 


ponding to the 
light and dark areas 
in the picture. A 
fanning electron, 


beam from the other 


the charges 


thus 
forming a varying 
transmission signal. 


3 Scene 10 be tolevised 


ampli 


Final encoder yl 


First encoder 


Picture tubos 
‘convert coloured 
light into 
signals 


Identical picture 
tubes 


scone 


three 
primary colours 


Minor — 


Lens tocuses. Dichroic mirrors 


Scene on to tubes 


te 
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Field and tine 
scanning coils 


Original scene was built up spot by spot and 
line by line. The scanning covered the entire 
screen several times a second, the glow 
caused did not die away instantaneously, and 
so the human eye could not tell that the image 
was built up of individual elements. 

It was not until 1936 that the world’s first 
high-definition public television service was 
started by the British Broadcasting Corpora- 
tion (BBC) in London. British engineers had 
spent the previous five years developing clec- 
tronic television [1] as an alternative to the 
30-line mechanical system that was invented 
in 1923-8 by a Scotsman, John Logie Baird 
(1888-1946) 


Television standards 
The BBC originally adopted an interlaced 
scan of 405 lines repeated 25 times a second 
Interlacing means that alternate lines are 
scanned first, followed by those between — 
like reading lines 1, 3, 5 down this column 
and then going back to read lines 2, 4, 6 
Other countries set up television services 
using various standards which made interna- 
tional programme exchange very complex 


Electron 


multiplier Wide signa! 


anodes. The beam is 
deflected by two 
scanning coils fed 
with signals so that 


receiver has a 
Screen coated with 


a material that it zig-za 
when the ser 
ictron  ocity of the beam, 
beam. The beam is and thus the 


produced by a cath: 


intensity of each 


bya grid 
fed by another signal. 


3 A colour television 4 
camera first splits 

the picture into 

three primary col- 
ours using colour. 
separating mirrors, 
Each beam of col- 
oured light enters one 
of three picture tubes, 
which convert the 
picture into elec- 


Composite 
signal to 
transmitter 


Amplifier 


trical signals. The 
‘Adder combines three signals are 
monochrome. combined to form a 
Signal monochrome signal 
and processed into a 
Fires lee colour signal, This 
Eine encoder defines the hue 


(frequency) and sat. 
uration (intensity) 
of each colour. 


4 In a colour tele- 
vision receiver a 
decoding circuit 
extracts the informa- 


green or blue when 
struck by electrons. 
Directly behind the. 
shadow: 


tion of the original thousands 
colour signals. This of holes arranged so 
is used to modulate that the beam from 


the beams from three 
electron guns, The 
screen has a pattern 

of tiny phosphor dots or 
bars which glow red, 


Ich gun can strike 
only dots of the 
colour from which 
its controlling 
signal was made. 


Eventually it was agreed that 625 lines, 25 
frames a second interlaced, should be stan- 
dard in most European countries. Today only 
North and South America and Japan use a 
different standard. è 
The sideband theory of radio states that, $% 
in order that two radio signals do not inter- = 
fere with each other, the difference between 
their frequencies must-not be less than the 
highest frequency of the signal being broad 
Television signals include very high 
frequencies, so a bandwidth of about SMHz 
(5 million cycles/sec) has largely been 
accepted as the practical minimum. Because 
this is equal to the radio space occupied by 
more than 500 voice channels the entire 
short-wave radio band would accommodate 
only five television channels. Thus television 
is broadcast in the VHF and UHF bands (very 
and ultra high frequency), which can 
accommodate up to 80 channels. 


Colour television 

In theory the range of pure colours (called 
hues”) is continuous from violet of the shor- 

test visible wavelength to red of the longest 


Cathode, 


f 
f 
} } 


Receiving aerial 


Phosphor dots 


Shadowmask 


See aiso 
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In practice the sensations perceived by the signal for transmission in the usual way, At 
human eye in response to all these hues can the same time the three colour signals were 
be quite accurately matched by simple mix- converted into a second composite signal that 
tures of red, green and blue light. Colour defines the colour mixture in terms of hue 


amount of white used to 
three camera tubes t0 convert the red, green dilute the pure hue). Because this colour 


television [3] uses this principle by having and saturation (thi 


ind blue light present in each televised scene signal does not need to be of high definition it 
nto three simultaneous but separate elec- is possible to sandwich it between the 
trical signals. In theory 


hese three signals information giving the detail of each mono 
‘ould be transmitted separately, received by chrome line without interfering with it. In this 
three separate circuits in the television way a complete colour signal can be trans 
receiver and then combined to form a colour mitted within a SMHz monochrome signal 
picture. But this id 


a has a major disadvan- bandwidth. The television receiver makes a 
tage. Because the minimum practical band- detailed picture from the monochrome 


h for one television signal is SMHzthree signal. extracts the colour information inter-  Electronicscanning ofthe scanning the next line [5] 
Simultaneous signals would occupy ISMHz- leaved with it and uses this to deflect the isthe basis of processis achieved below the previous 
far too much of the already overcrowded three picture-tube electron beams on to television. Anelectron by asetof timing ona Afar tha tinal 
k beam (green)scans pulsessuperimposed line of each picture 
radio space available. those spots on its screen that will glow with thescreen [Alin on the picture adifferent puise 
Experiments have shown that, provided the appropriate primary colours [4]. aseriesof horizontal  intormationinthe triggers the return 
the black-and-white detail of a picture is In the United States this system hasbeen lines, which are pear oe jal le 
sharply e e eye does not used since 1953 s known as the Natic ept in step wi eend [1] of electron bea e 
harply defined, the human eye does not used since 1953 and is known asthe National — twp lines sanning Gach herontal ine) soporthepieone a 
require the colour definition to be as high. Television Systems Committee (NTSC)  anoptical image [2], there is a pulse saw-tooth current [B] 
American engineers devised a clever system system. An improved version, PAL, is used _inthetelevision thattriggers the through electro- 
to use this information. First the three inmost of Western Europe and in Australia c@™erainthestudio instant return [3] ena barecton 
i 2 from which the of the electron beam coils (round the 
primary colour signals were added to forma and New Zealand. France and the USSR frandcosteerves totheoppóshoiids.  .neckofthetibe), 
detailed monochrome (black-and-white) use a third system, known as SECAM. This synchronization [4], whareit scans controls the beam. 


5 The transmission of and the sound and 
a live television pro direction teams. All 


kal manager 15-18 Cameraman 39 Spotlight on 
gramme requires the are shown in this 9 Microphone-boom operator 20 Fiooaiigm 

combined efforts of a illustration of the 20M ao £2 Genera 

arge, highly skilled layout of a modern 31 Annee operor Katae Eryna AN 

team which can be div- television studio. ratori Efe la ho Ente este ete 

ded into four groups: 9 Colour grader Director's array J 45 Telecine 55 Monitor bank for extra 
the studio floor, light Dvector 10-12 Sound engineers Microphone to studio m% 46 Videotape picture cameras and outside 

ing and colour control, > assistant avec 13 Fo 7 Vest screen 37 Holst control pane! 47 Monechromefinalirane- brosdeaste 
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Sound recording and reproducing 


It was possible, at about the turn of the cen- 
tury, to reproduce the expression and 
“attack” of an actual piano performance on a 
Pianola paper roll. But the story of sound 
recording and reproduction as the terms are 
now understood is the story of the 
gramophone, the “talking” motion picture 
and the tape recorder. 

Thomas Edison (1847-1931) invented a 
hand-cranked phonograph [1] in 1877. The 
machine converted the air pressure varia- 
tions of sound waves into a mechanical 
record consisting of a groove of varying depth 
in a sheet of tin-foil wrapped round a cylin- 
der. The foil was soon replaced by a hard 
wax cylinder and in 1894 Charles Pathé 
(1863-1957) and his brother Emile 
(1860-1937) opened a phonograph factory. 


The development of early sound systems 

Meanwhile Emile Berliner (1851-1929), a 
German in Washington, DC, patented a 
“gramophone” in 1887. This used a flat disc 
instead of a cylinder, the sound groove being 
cut as a spiral. By 1900 the hill-and-dale 
recording was replaced by a groove that 


1 ) 
) 


®© 


1 Thomas Edison's ssød on tho 
Phonograph consisted foil. The cylinder 

of a brass cylinder jounted on a 
[1] cut with a spiral of the same 
groove. Over thi pitch as the groove, 


was wrapped a sheet 
of tin foil [2). A coni- 
cal funnel focused 
Sound onto a metal 
diaphragm [3], which 


so that when the 
cylinder was turned 
the stylus pressed 
always over the 
groove. A flywheel [4] 


touched a stee! helped keep the cyl- 
stylus held by a inder speed steady. 
flat spring. The When sound cai 


sharp tip of the 


3 3 An optical system 
is used by the film 
industry for recording 
sound, the vibrations 
being reproduced in 
the form of a trans- 
parent line of vary- 
ing thickness. in the 
projector, a light 
beam passes through 
the line on to a 
photoelectric cell. 
The width of the 

line controls the 


the cell, the resul 
Ing electrical signal 
being amplified to 
produce sound. In 


the sound is record- 
ed on a magnetic 
stripe as on tape. 
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amount of light reaching [B], the tape again 


made a stylus vibrate from side to side. And 
with the advent of a shellac disc pressed from 
a “negative” of the original recording the 
gramophone, known in the United States as 
the victrola, became widely popular [Key]. 
At first methods of recording and 
playback were entirely mechanical and the 
quality of reproduction was poor. The inven- 
tion of the triode valve in 1906 opened the 
way to electrical recording and by the 1930s 
music of much improved quality was 
reproduced electronically from shellac discs 
running at 78 revolutions per minute (rpm). 
In 1948 the American Columbia Com- 
pany successfully demonstrated an 
“unbreakable” vinyl plastic disc and high- 
fidelity microgroove discs playing for 25-30 
minutes a side at 33'srpm soon became 
popular. By 1958 the stereo disc had been 
introduced. It had separate twin soundtracks 
in a single groove (each corresponding to the 
sounds received by a listener's left and right 
ears) and provided a sense of musical pre- 
sence hitherto unknown in a recording [2]. 
Once silent motion pictures had been 
developed, a system of synchronized sound 


pressed the foil into 
the groove in step 
with the vibrations. 
The cylinder was 
wound back to its 
original position, and 
the sound repro- 
duced by turning the 
handle, Th 


an erase head which 
ives the magnetic 


fray. 
Then the record/ 
replay head, anergized 
microphone sig- 
nal, orientates the 
particles according 

to the signal's wave- 
form. In playing back 


passes the record/ 

head. Magnetic 
ions reproduce 
in it the currents 


home movie equipment that formed them [C]. 


After amplification, 
the currents drive 
a loudspeaker. 


followed in the mid-1920s. Early “talkies” 
used an adaptation of the already popular 
shellac disc, The most successful system had a 
40cm (16in) disc running at 33'⁄rpm, with a 
motor linked mechanically to the film drive 
By 1930, engineers had developed a far 
better system that recorded the sound opti- 
cally on one edge of the film in the form of a 
transparent line varying either in density or in 
width [3]. A fine beam of light shone through 
the moving line on to a photoelectric cell, its 
varying electrical output being amplified and 
fed to loudspeakers. 


Experiments in magnetic recording 
The idea of converting the varying pressure 
waves of sound into a magnetic pattern on a 
continuous steel wire was developed in the 
1920s, The British Broadcasting Corpora- 
tion, which wanted to transmit the same 
programmes to different parts of the world at 
different times, installed an improved 
machine in 1931, This used a 6mm-wide steel 
tape running at 1.5m per second to record 
and replay programmes 20 minutes in length 
In 1929 Fritz Pfleumer patented a 


1 Erase head 
2 High-frequency 

alternating current 
3 Record/replay head 
4 Microphone 


7 Head magn 
tape coating 


CONNECTIONS 


2 Ona stereo disc, 
the groove walis 
angled at 90° to each 


ing is made [A], sound 
from one microphone 
[1] produces a hill- 
and-dale contour on 
one groove wall. The 
second channel sound 
[2] contours the other 
groove wall, After 
boing pressed be- 
tween metal moulds 
[B], the final pla 
disc is ready to 
played back. The car- 
tridge stylus of the 
-back machine vi- 


each other [C]. The 
movement in each of 
these planes actuates 
separate electro 
magnets, which are 
wired to two different 
amplifiers and sep- 

te loudspeakers. 
The sound recorded 
by the two original 
microphones is 

thus reproduced 
independently. 


recording tape that had a flexible insulated 
base with a magnetic coating. The German 
AEG company developed this invention and 
in 1935 in Berlin exhibited the Maj 
netophone, the first modern tape recorder. 
But it was not until the end of World War II 
that the potential of the reel-to-reel tape 
recorder using 0.Scm (0.2Sin) plastic-based 
tape with an iron oxide coating [4], was fully 
realized. The tape can move at various 
speeds, with higher speeds providing greater 
fidelity. The most common speeds for 
domestic recording are -4,8cm/sec 
(1,87Sin/sec), 9.Scm/see (3.7Sin/sec) and 
19cm/sec (7,Sin/sec). For stereo recording 
two separate soundtracks are recorded side 
by side using two microphones. Stereo 
reproduction or playback needs two amp- 
lifiers and speakers. The system of dividing 
the tape into four tracks permits two 
stereo recordings to be made: tracks | and 
3 in one direction and 2 and 4 in the reverse 


‘The cartridge and cassette revolution 
The main drawbacks of a reel-to-reel tape 
recorder are the vulnerability of the tape to 


5 The human hearing 
process, using a pair 
of ears, can sense 
the direction of a 
sound and so can 
discriminate between 
a sound from one 
direction and back- 
ground noise from 
another. This is not 
80 of a microphone, 
which combines all 


the sounds it “hoars” 
into one electrical 
wave. To maintain 

a high signal-to- 
noise ratio it is 
therefore normal to 
place microphones as 
near as possible to 
the desired sound 
source, To record an 
‘orchestra and choir 
with proper balance 


5 


Tenor Bass 


damage during threading and the inconveni 
ence of threading and storing it. To eliminate 
these, the tape cartridge and cassette were 
invented, The former contains a single 
loosely wound reel of continuous tape. The 
tape is fed out from the centre at an angle, 
guided by rollers to the gate where it touches 
the playback head of the equipment and then 
back to the outside of the reel. 

A cassette recorder [7] has two spools like 
those of a reel-to-reel recorder, but much 
smaller, and is suitable for recording, 
automatic rewind and playback operations. 
The tape is only 3.8mm (0.1Sin) wide and 
runs at 4.88cmisec (1.875in/sec), The cas 
sette (plastic case) holds tape for 45, 60, 90 or 
120 minutes’ playing time and clicks into the 
cassette player without the need for 
threading the tape. High-frequency random 
noise called “tape-hiss” (a consequence of 
having four tracks recorded on the extremely 
narrow tape at a slow speed) can lower the 
quality of the cassette recording. But this 
blemish on the quality can often virtually be 
eliminated by using an electronic noise- 
reduction circuit 


between instruments. 
and voices a single 
microphone would 
have to be roughly 
the same distance 
from each sound 
source. Except in 

a perfectly sound 
proof studio this 
would result in an 
unacceptably low 
signal-to-noise ratio, 


The engineer solves 
this problem by 
providing separate 
microphones for each 
section of the choir 
and orchestra and 
for the soloists, the 
combined outputs 
then being mixed by 
electronic means, 
The balance can then 
aiso be adjusted, 


Woodwind 


Percussion Brass 
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‘The marvel of sound 
reproduction was cap- 
tured in a narrative 
painting which became 
a trade-mark as "His 
Master's Voice”. In 


1899 the British art 
ist Francis Barraud 
portrayed a fox terr: 
ler called Nipper 
istening to the voice 
of his dead master 


6 A jukebox. an early 
example of which is 
shown here, is a 
coin-operated machine 
for selling music. 
Some modern 
versions hold 200 or 
more records and 
provide stereophonic 
sound reproduction, 


' 
Microphone 


from a phonograph. 
The Gramophone 

Co. later EMI, 

which bought the paint- 
ing, got Barraud to 
paint in a gramophone, 


7 A portable cassette 
player allows tape- 
recorded music to be 
heard almost any- 
where. With transis- 
torized circuits power- 
ed by batteries, it is 
light and compact and 
can be used with 
pre-recorded tapes. 
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Video recording and reproduction 


From the earliest 


in 


recording programmes in such a way that 
be played back immediately 
Cinema film is often unsuitable be 


they coul 


delay in processing prevents it being shown 
mmediately, and the fact that film cannot be 


try, there was a need for a method 


days of the television 


re-used makes it expensive 


A Scotsman, 
(1888. 


for cutting 10in ( 
records to record pi 


946), inventor of 
television scanner, was the first man to record 
a moving picture by other than photographic 
means, In 1927 he used equipment de: 


John Logie Baird 
mechanical 


Magnetic tape recording 


The development of magnetic tap 
aim could be achieved 
e replay. In the 
television had pro 


ant that Baird's 


more simply with immedi 
meantime, however 
gressed from the first 30-line format to 
ture having 405 to 819 lines, The best 


1 The earliest 
video recorder 
worked in exactly 
the same way as an 
audio tape recorder 
using spools of 
wide magnetic tape. 
The video track was 
recorded by a sta- 
tionary head and the 


3 The moving head 
was invented by a 
little-known company 
in Redwood, Califor 
nia, in 1956, as a 
means of achieving 
the high tape-to-head 
speed required for 
video recording with 
Out the tape itself 
having to move at 
unmanageably high 


644 


igned 
m) 78rpm sound 
tures using the output of 
his 30-line TV scanner 


De recording 


pic- 
the 
early shellac records could reproduce audio 
(sound) signals up to a frequency of about 


4,500 hertz (Hz), and hig fidelity LP 
records today reproduce musical overtones 
up to 15,000Hz or more. But a modern TV 
signal includes frequencies up to SMHz 


The frequency resp 


nse of a magnetic 


tape recorder is limited by the size of the he 
gap and the speed with which the tape passes 


the head. The finest equipment ope 
19cm (7.5in) per second cannot 
above 25,000H: An 


frequencies much 


ating at 


roduce 


increase in frequency response to SMHz can 


be achieved only by increasing 


h 
he 


second. 


peed to at least 


the tape-to 


1,270em (500in) per 


The earliest videotape recorders (which 


record pic 


tape recor 


ires on m: 


ler records 


netic tape just as 


ound) were designed 


to operate at tape speeds of 254cm (100in 


per second or more. 


spools of tape an 


problems; also co 


was difficult to achieve 


They required enormous 
presented speed control 
tant head-to-tape contact 


Research led to the 


ntroduction by Ampex, in 1956, of the first 
transverse-scan recorder — the system used 
professionally today. In this system, the tape 


ce 


recording ofthe 
high frequenci 
quired to produ 
pictures of acc 
able quality was 
achieved by using 
Very fast tape speeds. 


developed of those 
machines, 914,4cm 


speed. The latest 
Ampex machine [A] 
is a self-contained 
videotape recorder 
designed for colour 
television. The 
studio videotape 
recorder is expen 
sive and heavy and 
many manufacturers, 
foreseeing a wide 
market for a cheaper 


360in) of tape 
5.1om (2in) wide 
passed the head 
each second. Even 
ity 
was poor by mod 
ndards and the 
machines suitable 
only for black-and; 
White pictures. 


so, picture qu 


and smaller machine 
suitable for home, 
school, police and 
other work, have 
made cassette video. 
tape recorders that 
are compact and 
efficient, yet not 

too costly. This 
cassette player [B] 
is a typical example 
of such a modei 


nally 5.08cm (2in) wide, moves at eithe 


2 Videotape may 
move ina helix round 
ng drum hav: 
ing either one [A] 
or two [Blrecord/re. 
play heads [1]. The 
combined motion of 
tape and head pro. 
duces diagonal video 
tracks [C]. Trans 
verse scanning [D] 
four heads on a 
horizontally spinning 
drum to produce tapes 
recorded as in [E] 
with video tracks, 
[2], an audio track 
3) and picture 
control tracks (4 
Both systems have 
high “writing” speeds 


38cm (1Sin) or 19m (7.Sin) per second 


Four record/replay heads mounted onadrum see aiso 


) 


are used 


e tape producing trans 
d tracks for the video signal 


the edges of the t 


rallel reco 


Linear track: 
for tape-speed contr 
sound. Head-to-tap. 
3,8 10cm (1,500in) per second are achieved 


and 


picture cueing 
writing” speeds of 


Helical scanning 


The highly sophisticated  transverse-scan 
colour videotape recorder is far too expen 
sive for institutional and domestic use. A 
cheaper method uses what is termed helical 
scanning. Here the tape passes in a helix 


drum into which one or 


ads are built [2A.B] 
tated, usually in the opposite 


around a rotating 


more record/replay 
The drum is 


direction to the tape (it “slips” round within a 
loop of tape). As the tape rises by its own 
width in its journey around the drum. 


up 


40cm (1,000in) per second are achieved 


heads sweep across the 


Tape-to-head “writing” speeds 
with helical-scan portable videotape recor 
ders, In domestic applicati 


ns, this system 


Q- 


connections 


has the advantage that a conventional TV can 
be used as a combined picture and sound 
monitor, the signal produced on replay being 
fed into the 
Tape 1.27em (0.Sin) wide is commonly used 


serial socket via a modulator 


although some recorders of this kind use 
6.35mm (0.25in), 1.9cm (0.75in) or 2.5em 
(1.0in) tape. The speed-control mechanisms 
on these machines are less sophisticated, 
and generally use servo motors in much the 
same way as those on studio machines. 


Types of video dise 
It is possible for magnetic tape to be replaced 
by magnetic discs in video recording, and the 
system has the advantage of giving rapid 
access to any part of the recording for 
immediate replay, in slow motion if necessary 
[5]. But a disadvantage is that playing time is 
short - generally 15-18 seconds using both 
sides -whereas videotape recorders offering 
eight hours of playing time from a single 
cassette are now available. 

The production of pre-recorded TV tapes 
is expensive and so some manufacturers have 
been developing video machines that use 


4 Live video re- 
cordings in black 
and-white or colour 
can be made with 
ease today, The dia: 
gram shows a typical 
set-up using equip. 
‘ment that is readily 
available on the 
market. The camara 
[1] is connected via its 
control [2] and sync [3] 
units to the ree! 
to-reel colour video: 
tape recorder [4] (with 
colour pack |5]) or, more 
‘commonly, to the video 
cassette recorder |6]. 
Amicrophone is simul 
taneously connected 
torecord the accom. 
panying sound [7]. The 
colour TV set [8]. 

has special sockets 
toenableitto be 
used as.a monitor 
during recording 
Recorded tape can 

be played back 
through the TVset 
immediately atter the 
tape is wound back 


dises similar to gramophone records. Such 
machines are not recorders, but replay pro 
grammes on mass-produced discs. 

There are two kinds of such video discs, 
which differ in the “pick-up” used to extract 
the recorded information. In a system 
developed by Philips, MCA in the United 
States and other companies there are small 
elliptical depressions in the disc [6]. The dise 
revolves at 1,500 revolutions per minute (for 
a 50Hz electricity supply) or 1.800rpm (fora 
60Hz supply), A laser beam scans the lower 
surface of the dise and the reflected beam 
becomes modulated and provides video and 
sound signals for 25 or 30 television pictures 
per minute (normal rates of transmission). A 
disc 30.5cm (12in) in diameter records up to 
two hours’ television. It can provide slow 
motion or “stationary” pictures. 

The now-discontinued video disc deve: 
loped by Telefunken and Decca was grooved 
like a gramophone record [7], although the 
grooves were finer and spaced much closer 
together. The main rival to this system is the 
JVC ‘VHD’ disc, which is ‘read’ by a tiny 
stylus instead of a laser beam 


6 The non-magnetic 
video disc is used 

by several firms as 

an alternative to 
magnetic tape sys- 
tems. Philips and 
other companies 

have designed sys- 

tems that use minute 
ellipitcal depress: 

ions on a 30.5cm 

[12in) disc to 

record colour video 
signals with sound. It is 
scanned using a laser 
beam. 


7 The Teldec 
(Teletunken/Decca) 
video disc shown 
much magnified [right] 
had about 25 hairline 
grooves in the space 
occupied by each 
groove on a standard 
LP gramophone record 
(left), Like the Philips 
video disc (illustration 
6) the disc revolved at 
1,500 rpm (UK) or 1,800 
rpm (USA), 


Key 


The recording and 
reproduction of 

moving pictures on 
magnetic tape has 
been developed to 


such an extent that 
reproduced tele: 
vision pictures are 
nearly indistinguish 
able from orginals. 


Even portable video- 
tape recorders that 
can be used domes: 
tically give remark 
ably good results 


5 The slow-motion 
‘action replay" seen 
frequently on sports 
programmes was 
made possible by the 
invention of a mag. 
netic disc recorder 
that provides con- 
tinuously variable 
slow-motion forward 


and reverse as well 
as stop, “freeze” and 
natural-speed replay 
records about 7.5 
to 9 seconds of tele: 
vision programme 
material on a series 
of concentric mag: 
netic tracks on each 
side of two discs. 
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Radar and sonar 


Sonar (formerly known as ASDIC in Britain) 
is a system of direction finding and 
rangefinding using sound waves under water. 
Radar uses the same principles, with radio 
waves instead of sound waves. 

The essentials of the two systems are 
simple. Acoustic (sound) or electromagnetic 
(radio) waves are transmitted. When they 
meet a solid object, some are reflected and 
return ~ there is a sound or radio echo. The 
time that lapses between a wave's 
transmission and return, multiplied by the 
speed of the wave, gives the distance 
travelled. Normally this is twice the distance 
of the object. Early radars [Key] were 
mounted on trailers for portability, Some 
used a “lens” for directing the radar beam, 


Development and uses 

Sonar (from SOund Navigation And 
Ranging) was developed principally for the 
detection of submarines and to act as a sub- 
marine commander's “ear” for the detection 
of other vessels, minefields, submerged ice, 
wrecks and other underwater hazards, Sonar 
can be “active” or “passive”. In active sonar, 
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an acoustic wave is transmitted and its echo 
picked up [1]. In passive sonar, other vessels 
are detected by listening for noise generated 
by their engines. Today sonar is also used by 
fishing vessels seeking shoals of fish and for 
surveying the ocean bed. 

In 1935 a British team headed by Robert 
Watson-Watt (1892-1973) started a prog- 
Tamme of research aimed at adapting and 
developing radio location for military use [5]. 
By the outbreak of World War IT in 1939, 
Britain had an aircraft detection system along 
its east coast. Known as RDF (radio direction 
finding) it was quickly extended to cover the 
south coast and was a major factor in Bri- 
tain’s ability to win the war in the air even 
though its aircraft were outnumbered. 

The secrets of RDF were passed to the 
United States, where further intensive 
research was conducted and a new name, 
“radar” (RAdio Detection And Ranging), 
given to the new technology. German scien- 
tists conducted similar research during the 
early years of the war and achieved similar, 
although less technically advanced, results, 

A radar installation consists of three 


3 Anaircratt’s 
radar aerial may be 
hidden beneath a 
streamlined pod or 
radome made of a 
‘material that pro: 
tects itfrom bad 
weather without 
seriously affecting 
the transmissions. 


4 The presentation 
unit of a storm- 
detector radarhas 
acathode ray tube 
[1] that maps sig 
nals from a rotating 
aerial as glowing 
stormclouds, The 
function selector 
[2] controls observ- 


separate units: a transmitter that radiates a 
special form of radio signal; a receiver that 
picks up and processes any reflected waves: 
and a presentation unit that gives a visual 
display from which the operator can 
immediately read the desired information. 


Types of radar aerials 

Radar aerials (antennas) vary in design 
according to their purpose. Many consist of a 
metal lattice in the shape of a flat dish or 
rectangular array, which can be steered at 
any angle to the vertical or horizontal to aim 
the radar in the required direction. Some can 
be “locked on” to a target so that they track it 
automatically. A location radar has a narrow 
searchlight-type beam, focused by a 
parabolic reflector, so that the bearing and 
elevation of reflected waves can be accu- 
rately measured. A search radar uses an 
aerial that radiates waves over a wide arc, 
‘The beam is kept relatively flat for a ship's 
radar, but covers a vertical arc in an aircraft 
search radar. In both cases, the aerial is some- 
times made to revolve horizontally so that the 
radar sweeps round continuously. Most radar 


1 Thotimetakenfor 2 Thereflected wave 
@sound wave, trans- of aradar beam that 
mittedfromadevice hits an approaching 
inthe water unde or receding object 


ship, to travel to has 
the d and echo 
back to the shipis 
measuredto calculate 
the depth ofthe 
water. The acoustic 
generator [1] canbe 
mounted directly 
under the ship [A], 
inwhich case the 
echo time multiplied 
by the speed of 
Sound in water gives 
twice the depth. The 
signal-to-noise ratio 
of the echo picked 

up by the microphone 
[2] can be improved 
by lowering the sound 
generator into the 

[B], s0 roduc- 
tance that the sound 
waves must travel, 
vessel 
may confuse an echo 
from a submarine and 
soawarshipcan use 

r buoy [C]. For 


given wavelength [a] 
reflected from a 
planet [1] spinning 
about its pole [N], 


P us 


its own helicopter 
which suspends a 
“dunking” sonar in 
the water [D] and 


short-wave radio, 


CONNECTIONS 
See aiso 


rado 


the wavelength [b] ot 
the reflected wave 
from the approaching 
side [2] will be 

less than the wave- 
length [c] from the 
receding side [3]. 

The difference be- 
tween bandccan 

be used to compute 
the planet's rate of 
Spin and day length, 


receivers have large aerial arrays designed to 
receive as much as possible of a reflected 
signal, which is usually very weak. 


Processing and presentation 

Radar signals, suitably processed and amp- 
lified, are passed to the presentation unit 
along with the original transmitted signal 

The signal presentation system is gener- 
ally a cathode ray tube display, based on an 
oscilloscope, and can give either a simple 
read-out of range, or of elevation, or both. 
Alternatively it can display a complete elec- 
tronic “map” of the position of wave- 
reflecting objects in all directions [4] 

In a simple straight-line display, the 
direction and elevation of the located object 
(an aircraft in the sky, for example) are read 
from dials indicating the direction and eleva 
tion of the radar beam. The range is read off a 
pulsed straight-line oscilloscope trace in 
which the time between transmission and 
reception is twice the range. 

The “map” or Plan Position Indicator 
(PPI) display is produced by a straight-line 
oscilloscope display arranged with a radial 


5 Sik "bedspring’ dip 


An aerial that givos a 
wide, Hat rad 


scan that begins at the centre of the tube and 
ends near its circumference. The scan is then 
made to rotate, with the start of the scan as 
the centre of rotation, in step with the rota 

tion of the aerial. The oscilloscope screen is 
coated with a material having a long after- 
glow, so that an echo signal (a bright spot)on 
the screen remains visible during the time 
taken for one complete revolution of the 
aerial. The distance of an echo spot from the 
tube centre represents the range of the 
object, and its bearing on the screen con 

forms to its actual bearing. 

Most radar installations depend entirely 
on the weak waves reflected by solid objects, 
although some systems use a relay receiver- 
transmitter to receive and retransmit a more 
powerful return wave. Such a system is 
known as secondary radar. 

When an electromagnetic wave is 
reflected by an object moving towards or 
away from the radar installation, the fre- 
quency of the reflected wave is altered. This 
is the Doppler effect, well known in acous. 
tics. The resulting frequency shift can be used 
to calculate the speed of an object [6] 


‘search radar 


Ge 


Mobile radar for anti 


teratt qun control J 


= 


| 


~ 


Anti-missile rockets 
controlled by radar 


Target discrimination 
radar aerial gives 


German World War Il radar 


6 Radarisused 
bythe police to 
compute the speed of 
a passing car. If 

the speed exceeds 
the legal limit, the 
operator can warn a 
colleague by walkie- 
talkie radio intime 
tofiag down the 
offending driver and 


During World War 
Mi, the British 
developed small. 


wracking radar equipment 


charge him with 
speeding. The radar 
set continuous) 
measures the car's 
distance trom the 
set andthe change 
in range is used to 
compute the speed 
by electronic means, 
giving animmediate 
visual display. 


transportable radar 
Sets so that their 
radar defence system 


Bedspring 
for wide-search radas 


5 Radar was first 
used in the 1920s to 
demonstrate the 
existence and extent 
of the ionosphere, 
which was found to 
reflect radio waves. 
Research during the 
1930s in Britain, 
USA, Germany and 
France developed 
radar for military 
purposes and it be- 
came avital aid in 
both defence and 
attack during World 
War Il when Bri 

tish and German 
electronicengineers 
designed and built 
similar installations, 
So greatly has its 
efficiency improved 
that radar is now 
regarded asan 
indispensable too! 


was able to monitor 
any area of poential 
alr-attack 


Enrly-warning radar 


of modern warfare. 
ltalso proves valu- 
able in many civil 
applications such as 
meteorology. naviga- 
tion, airporttratfic 
control and survey: 
ing. Military uses 

of radar include 
long-range aircraft 
and missile warning 
systems; location 
radar for automatic 
control of anti- 
aircraft guns; air 
borne radar for use 
asanight “eye” 
when attacking enemy 
bombersin darkness 
and naval radar to 
give information 
about the presence 
of enemy shipping in 
conditions of poor 
Visibility. Radar is 
also used in sophis- 
ticated weaponry as 
a homing device 

for steering anti 
missile missiles. 


TT 


Crime prevention 


Crime prevention, once the responsibility of 
Jonathan Wild, Eugène Vidocq, and other 
thief takers” who did their business out of 
sight in a demi-mdnde of felons and mis 
creants, ts now the daily work of millions of 
People throughout the world. In its efforts to 
modernise, it has found itself the centre of 
controversy with its needs and prerogatives 
often in direct conflict with the rights of the 
individuals it is supposed to protect 


History of police power 

me nations, such as France, where the paid 
informants and agents provocateurs of Louis 
XIV (1638-1715) were to be found in the 
back alleys and boudoirs of Paris, created 
their police forces from the centre outwards, 
But it was not until 1829 that an Act of 
Parliament established England’s first paid, 
uniformed police force. The “bobbies” of 
London (at first called “Bobby Peelers” after 
their founder Robert Peel) were armed only 
with wooden truncheons and functione 
an atmosphere hostile to police power 


in 


In the United States law enforcement 
grew up even more haphazardly, with order 


1 Alphonse Bertillon 
(1853-1914), of the 
Paris police head- 
quarters, devised a 
system of identifying 
suspects in 1882 
known as anthropo. 
metry or Bertillonage. 
By a series of care- 
ful measurements of 
the head, body and 
limbs of the criminal, 
he acquired a de- 
tailed portrait tor 
his filing system, 
This system was 
Superseded 11 

years later by the 
discovery that every 
individual's finger. 
prints are unique, 


3 The arrest of 
Hawley Crippen 
(1862-1910) on board 
the liner Montrose 

at Quebec marked the 
occasion on which 
wireless telegraphy 
first played a role 

in crime detection, 
Crippen had poisoned 
his wife and fled 

with his mistress, 
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A search of his house 
revealed his wife's 
remains and the news 
was telegraphed 
across the Atlantic. 
He was tried, con: 
victed and hanged. 
The police now use 

a variety of communi 
cation services such 
as radio, television, 
teletypewriters, com. 


being maintained by vigilante groups in the 
west and police forces under the control of 
big city political machines in the urban cen 
tres of the east. Police were not only corrupt 
and incompetent but were also hindered by 
jurisdictional conflicts that allowed criminals 
to evade arrest by the simple expedient of 
crossing city, county and state lines, 

This situation encouraged Allan Pink- 
erton (1819-84) to leave his job with the 
Chicago police force in 1850 and open his 
own investigation business, Using a wide 
open eye (hence the term “private eye”) for 
his symbol, Pinkerton soon filled the country 
with a para-police force of detectives func 
tioning as national bounty hunters [Key] and 
strike breakers, Pinkerton helped to create a 
permanent role for the private investigator in 
law enforcement practice 

While the problems of policing a modern 
metropolis such as Rome or Tokyo are not 
the same as those in Micronesia, the spread of 
industrialization has produced the same law 
enforcement problems and common solu 
tions. All national police forces (those of 
most Western nations are 


members of 


2 Identikit is a 
method whereby the 
police can communi- 
cate a description of 
a wanted man to the 
general public and 
Other police forces, 
From an eyewitness, 
an image can be 
built up by selecting 
facial character 

istics from an exist 
ing bank of material 
by placing trans. 
parent films of a 
head shape, nose. 
eyes and mouth over 
each other. However 
the system has been 
largely superseded by 
Photo-tit (shown here) 
with a combination of 
photographs of typical 
characteristics, This 
system has 592 
variables: and from 


million faces can be 
produced. The witn 
can also construct a 
picture by briefing an 
artist. 


ss 


puters and picture 
transmitters. Two 
modern developments 
are computer ter. 
minals in police cars. 
and communications 
centres that pro- 

cess all calls from 

the public, monitor 
police resources 

over a wide area and 
dispatch police. 


these over 16 thousand 


Interpol, originally founded in 1923 to facili 
tate international investigation of crimes and 
criminals) tend to look to technology to solve 
their problems. After the civil disturbances of 
the 1960s, for example, there was emphasis 
on the development of non-lethal weapons 
for crowd control and riot suppression [6] 
Most major metropolitan police forces 
now have helicopters to aid in tactical work 
and special weapons units and speciality 
teams trained to deal with specific crises such 
as bomb alerts or kidnapping. Computers 
store information and speed its recall and 
transmission between cities and nations [3] 


Detective agencies 

The growth of crime has increased the 
number of detective firms, which were in 
something of an eclipse after national police 
forces the Federal Bureau of 
Investigation (FBI, created in 1908) took 
over most of the semi-official crime-fighting 
functions once held by Pinkerton’s and its 
imitators. Private detectives still have many 
investigative functions 
concerning 


such as 


Negligence cases 
and 


property 


cars, insurance 


CONNECTIONS 


See aiso 


4 Interrogation stil! 
plays a ci 

in any in 
but poses problems, 
of assessing the 
truth, accuracy and 
Perspective of the 
witness's memory 
The polygraph or lie 
detector is an at 
tempt to assist this 
evaluation scienti 
fically by measuring 
body changes said to 
be caused by a per 
son's emotional 

state. The first was 
constructed by John 
Larson in the USA in 
1921 and it recorded 
blood pressure, pulse 
and respiration rate 
Later versions ro- 
corded “‘psychogal. 
vanic skin reflex”, the 
flow of current be- 
tween two different 
parts of the body, 
Under stress a wit 
ness sweats more and 
80 conductivity rises, 
Lie-detector evidence 
is not admissible 

in many courts. 


d, missing persons and the investigative 
roundwork for civil and criminal defendants 
that attorneys 
But the pr 
tive firms is now security 


nce performed themselves 


mary thrust of private investiga 


d guard work [7] 


Big business and invasion of privacy 
By 1975 individuals and corporations were 
spending some $4,000 million a year on pri- 
vate security and crime prevention in the 
USA alone, with another $1,000 million 
going into closed-circuit television monitors, 
burglar alarms and other security equipment 
Crime prevention had become big business, 


creating the need for what amounts to an 
immense private police force 

There are areas of potential friction be 
tween private detective firms and public 
police agencies. Existing licensing proce 
dures do little to lessen police suspicion of 


private qualifications since 


investigators 


they tend to certify only that an investigator 
has a minimum level of professional compe 
tence. Other countries are carefully watching 


the 


Swedish example of requiri 


ance for private detective firms investi 


5 Technology has 
enormously increa: 
the risks and oppor y 
tunities of industrial 
espionage. There 
is a large choice 
of devices 
microphones, y 
transmitters and ) 
tape recorders ~ that 
are widely available 
They can be readily k 
hidden under clothes } 
and their range is 7 
prodigious: most y 
microphones can pick 3) 
und up at 6m (20ft) 4 
Woapons are also at 
more sophisticated 
The Swiss produce a 
pen gun that writes 
as well as firing a 
bullet from the cap. 


gating crimes such as industr 


al espionage 

The growth of public and private police 
bureaucracies has surrounded law enforce 
ment with problems. Many 
investigators, for instance, have adapted to 
their trade the advanced electronic surveil- 
lance equipment developed and used by the 
intelligence services in the postwar era [5] 
When used in sensitive areas such as indus- 


new private 


trial espionage and counter-espionage, this 
equipment has caused controversy. But the 


debate over it use in these areas has certainly 


not been as heated as that concernin 
invasion of individual privacy 


Yet the surveillance practised by indi 


vidual private investigators is minimal com- 
pared with the data collected by cl 
organizations such as the Central Intelligence 


ndestine 


Agency (CIA) and national police forces all 
over the world. In their attempt to grapple 
with the complexity of modern life and its 
institutions law enforcement agencies have 
sought constantly to increase and centralize 
their This has given a new 
urgency to an old question: Quis custodiet 
Who guards the guardians? 


ipsos custodes? 


1 Brietcase with tape 
recorder, switch, micro- 


2 Miniature tape rocordor 
tor holster or pocket 
3 Po 


4 Pon transmitter with 
í m 5 Transmitter with built 
> in microphone to it 
Ina cigarette case 
N camera that can be 


8 Automatic 18mm camera 
9 Ashtray with micro: 

phone and transmitter 
10 Transmitter 
11 Micraphone watch 


12 Telephone transmitter 
| | 13 Cigarette lighter 
} with transmitter and 
microphone in base 
14 Tiny a 


15 Subminiature micro- 
phone and amplifier 


The James gang was 
founded by Jesse 
1847-82) and Frank 
1843-1915) in 1867 
after Jesse, a South 
erner, was declared 
an outlaw at the end 
of the American 

Civil War (1861-5). 
They plundered and 
murdered, special- 
izing in bank and 
train hold-ups. Law 
enforcement at that 
time depended large- 
ly on posting rewards 
to attract bounty 
hunters and fi 
gang members who 
bore a grudge o 
who wanted to retire. 
Jesse was shot in 
the back of the head 
by Robert Ford, a 


REWARD 


$15,000 REWARD 
Vantaa FRANK JAMES 


bounty. Frank sur- DEAD x ALIVE 


rendered and was $25,000 REWARD FOR JESSE JAMES 
tried but twice ac: 3 ward for any Known Me n 
quitted, spending the 

rest of his life on a 
tarm. Their exploits 
have been romanti: 
cized in films and song 


ST. LOCIS MIDLAND RAILROAD 


6 Civil disturbances 
of the 1960s have 
caused many police 
forces to equip 
themselves with new 
protective clothing 
as well as non-lethal 
weapons for crowd 
control. Research 


veloped irritants such 
as Mace and “pepper 
fog” (a dense concen: 
tration of tear gas 
from a mobile unit); 
tranquillizer dart 

guns similar to those 
used by big-game vet 
erinarians and “stun 
guns” to shoot rubber 


bullets at high velo- 
city; chemical d 
to be sprayed on dem. 
onstrators to facili 
tate later identifi 
cation; anda “banana 
skin” foam that 
makes it impossible 
for a crowd to main: 
tain its footing, 


contractors have de 


security 
firms have increased 
in number and size 
because the hard: 
pressed police are 
unable to provide 
adequate protection 
for industrial prem: 
ises or the trans- 
portation of valu 
ables or money. Such 
firms are also hired 


to prevent espionage 
between companies 
and pilfering of 


that are misleadingly 
like those of 
official police and 
goods by customers their activities in such 
and employees. The areas as checking the 
relationship between —_credit-worthiness of 
security firms and potential customers 
police forces poses are liable to abuse. 
certain problems, In the UK security 
Firms can be infil men may carry wea 
trated by criminals, pons not available to 
staff wear uniforms the police themselves, 
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rime detection 


Whenever a serious crime is committed the 
Police can call on the assistance of a variety of 
experts to bring the offenders to justice. 
These are the police surgeons, pathologists, 
toxicologists, chemists, biologists, ballistics 
experts and other highly trained specialists 
who provide a service in forensic science or 
criminalistics ~ the application of medical, 
scientific and technological skills to the 
investigation of crime. 

The most widely used of these behind- 
the-scenes services is the fingerprint collec- 
tion, Fingerprints [8] were first used to solve 
crime in the late nineteenth century. To aid 
the speed and accuracy of detection, finger- 
Prints from the scene of the crime are now 
compared with central records by computer. 


Introduction of forensics 

Forensic medicine has its roots far back in 
history. Among the earliest evidence of the 
use of medical knowledge to combat crime is 
a thirteenth-century Chinese treatise, The 
Washing Away of Wrongs, which includes 
helpful hints on how to tell if a drowned 
person has been strangled, More recently, 


1 In this imaginary tion with the victim. 


crime a casual in- As well as the police, 
truder has brokenin- various specialists 
to a house to steal. are called in: 

19 a police photo- 
room to room (the grapher to record 
blackline traces his details before any- 

thing is disturbed; 

a police surgeon to 

cortify death; finger- 

ind strangles print experts; a for- 

her. Unlike the ensic pathologist 
average homicide- who examines the 
most are so-called body before it is 
“domestic” murders taken away for post- 
usually solved within 
two or three days — 
this could mean 


donce is often the 


job of specially 
trained policemen), 


lengthy investigations 
because the killer has 
no previous connec- 
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there has been a tendency for forensics to be 
divided into two: the examination of the 
living (sometimes both victims and suspects) 
and the pathology of the dead. 

Forensic pathology in particular is the 
cornerstone of homicide investigation. Here 
the doctor called to examine a body found in 
suspicious circumstances uses his knowledge 
of the patterns of violent or unexpected death 
to decide first whether the case is one of 
murder, suicide or accident. The actual cause 
of death is established at an autopsy, 

Forensic science as such is a much more 
recent innovation, Before the turn of the cen- 
tury laboratory science played very little part 
in the detection of crime. Even in a case of 
murder it was left to the policeman to make 
his routine enquiries and to the doctor to 
examine the body and make a few simple 
tests on the medical side. It was not until the 
early 1900s that forensic science, a product of 
police work and medicine, began to take on a 
separate identity and to emerge as a new and 
vital service to the police and the courts. 

Today the forensic science laboratory 
offers a range of specialities that includes 


chemistry, physics, biology, pathology, 
metallurgy, ballistics and document 
examination. Much of the daily routine is 
taken up with blood-alcohol analysis in 
“drink-and-driving” cases and with drug 
offences. But the laboratory can also call on 
almost any branch of medicine, science or 
technology in the fight against crime. 

The workload of individual laboratories 
varies with geographical location. In the 
USA, where there are many more shootings 
than in Britain, the examination of firearms is 
a major preoccupation. Clearly, too, there 
are more warehouse raids requiring elabo- 
rate tool-fit comparisons in cities than in the 
country. In general, the three types of offence 
most often calling for examination of contact 
traces [14] (clues left at the scene, on the 
person or in vehicles) are break-ins, assaults 
and hit-and-run cases, 


Features of scientific investigation 

Detectives are taught during their training 
that every contact leaves a trace — that the 
criminal leaves some clue, however micro- 
scopic, at the scene of the crime [3-13], At 


Connections 


Changing pe 


2 The experienced 
investigator gradu- 
ally pieces together 
his own interpretation 
of events from the 
physical evidence 
found at the scene. 

To presorve an ac- 
curate record, the 
scene of the crime 
must be photographed 
and sketched in min- 
ute detail immediately 
the police arri 
The victim was appar- 
ently strangled with a 
knotted nylon scarf. 
On the floor detec- 
tives find blood 
stains and the dress- 
making scissors used 
by the victim to stab 
wildly at her assail- 
ant. The bedroom is 
in disarray, indicat- 
ing a possible line 

of struggle from the 
bed to the dressing- 
table and then across 
to the body's final 
resting place, The 
forensic pathologist 
has the difficult 


time of 
calculation 
mainly on the 
cooling of the body 
and the degree of 
rigor montis. The 
position of the bed- 
clothes and the over- 
turned furniture indi- 
cate the violence of 
the struggle during 
which the victim 

tried to detend her- 
self with scissors. 

The rumpled carpet 
suggests that the body 
was dragged away 
from of maxi 
imum disturbance, 

the space between the 
window and the door. 
Clues to the identity 
of the attacker in- 
clude one or two 

hairs on the pillow, 
partial fingerprints 

‘on the dressing- 

table and door knob 
iding out 

to the bathroom, 
traces of blood from 


the start of an investigation the police look to 
the scientists for what is sometimes called 
inceptive evidence - information on which to 
base the search for the offender. As the case 
progresses corroborative evidence may 
emerge linking a suspect with the crime, 

A feature of some scientific evidence is 
what is known as “inferred uniqueness” -an 
overwhelming statistical probability that the 
item in question incriminates the suspect. 
Fingerprints are a case in point. Since nobody 
has ever fingerprinted the entire world 
population, there is no way of knowing for 
certain that no two people have identical 
prints. But because, in all the many millions 
of prints on record, no two sets ever corres- 
pond, it is reasonable to assume that each 
person's prints are unique. 

More satisfactory, however, is “proof 
positive", and here the best example is the 
“jigsaw fit”. This is the matching of frag- 
ments of the same article found at the scene 
and elsewhere. Cloth and paper are most 
likely to feature in a jigsaw fit, although it 
may also involve wood, glass and metals. It is 
by no means rare for a housebreaker to be 


le 


6 Often an intruder 
will eat on the pro- 
mises; some cook a 
meal. As few people 
have perfectly reg- 
ular teeth, impres- 


Or photography, with 
a suspect's bite. 

Bite marks on vic- 
tims’ bodies are also 
matched with their 
assailants’ teeth. 


sionsleftinfood such Forensic dentistry 
cheese, choco- {odontology) is a 

late or apples canbe valuable resource in 

compared, by casting identifying the dead. 


9 When blood falis 10 The microscope 


10 


rtically it produces 
a star-shaped splash; 
but if a wounded 


moving from the head or else- 
tailed splash reveals where but it cannot 
the direction he identify the owner. 
took. This information In the future, metal- 
is useful in dis lic deposits derived 
missing the false from diet and environ- 
confessions that ment may help to 


often follow a murder, 


can reveal whether 
hair is human or 
animal and whether 


individualize hair. 


caught by tne forensic matching of a piece of 
metal left at the scene of the crime with a 
broken tool edge found in his possession [5]. 
Or, reassembling a headlight may prove 
conclusive in a case of hit-and-run. 


Importance of forensic science 
Ultimately the value of forensic science lies in 
providing objective physical evidence — hard 
facts which, unlike some witness testimony, 
will withstand close scrutiny in a court of law 
It is for this reason that crime laboratories 
bristle with increasingly elaborate hardware 
for microscopic examination and analysis of 
the most minute particles of trace material 

A major attribute of forensic work, there- 
fore, is its inevitable mystique — not least 
because the average criminal can never be 
sure just what the experts can do. For the 
future, there is, in theory, no limit to the pos- 
sible application of science to the detection of 
crime. This prospect is particularly reassuring 
because criminologists claim that the most 
powerful deterrent to criminal behaviour is 
not so much the fear of punishment as the 
certainty of discovery. 


3.Whenawindowis 4 
broken from outside 


side. The rest flies 
backwards and may 
lodge in an intruder’s 


clothes, to be 
matched for type 
ata later stage. 


11 There is some 
transfor of fibres 
in practically any 
indoor crime. These 
strands of cloth 

caught on a splinter 


for fibre type, 
colour and weave. 


12 The pathologist 
protects the head 
and hands of the 
victim with plastic 
bags to preserve any 
clues that may help 
identify the assailant. 
Blood or skin 
fragments, for 
example, may be 


Key 


murder bag, contains 
medical paraphernalia 
and other items 
needed for forensics. 
Particularly vital are 


4 Tyre marks 
photographed and 
casts taken, Tread 
pattern may indicate 
the make of car, and 
worn tread could lead 
to identification. There 
are laboratories 

with indexed colloc- 
tions of tyre treads. 


7 Shoe impressions 
reveal the sole pat 
tern and size. Charac- 
teristic wear and 
defects may pinpoint 
an actual shoe. Prints 
can be brought up on 
carpet by scattering 
hich 


13 The ligature is 
always cut off well 
away from the knot 
in cases of strangu- 
lation, than labelled 
and tied off so that 
the cut ends do not 
unravel. Itis im- 
portant that the 
knot, which may be 


outline diagrams to 
record details of tho 
scene and the pos- 
ition of the wounds 
onthe body; plastic 
bags in which to pro- 
tect the victim's head 


occasionally be left 
by indentation on 
Soft surfaces, or by 
transfer of materials 
such as blood or 
grease. More com- 
mon are latent prints 
=faint impre 

left by tra 


14 Random murder 
is often difficult to 
solve because the 
killer, usually 
mentally disturbed, 
is an unknown quan- 
tity, someone who 
has no links with 
his victim. In this 
case the police 

dy have a rich 
haul of clue: 


thermometer used to 
take rectal temper- 
ature for estimating 
the time of death; 

and containers to 

hold evidence samples. 


by its pattern of 
scratch marks. The 
tool and a section 

of wood are scanned 
together using a com- 
parison microscope. 


sweat or natural oil. 
These are dusted with 
powder and photo- 
graphed. Barring 
tissue damage, finger- 
prints romain the 

ame throughout life 
nd no two people 
have exactly the 

same fingerprints. 


the scene. In addi- 
tion, valuable trace 
materials such as the 
glass from the win- 
dow of entry, will 
have transferred to 
the killer’s clothing. 
When an arrest is 
made the two sets of 
clues will be matched 
up to establish a 
watertight case 
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History of agriculture 


When Homo sapiens first evolved, he lived in 
the same way as other animals, by gathering 
vegetable food ~ grain, fruits, roots and nuts — 
and by killing animals for meat. It was only 
about 10,000 years ago that man domesti- 
cated animals and discovered how to culti- 
vate nutritious plants and harvest them 


Primitive farming methods 
About 7000-9000 BC, the invention of the 
digging stick and a light plough (the ard) [3], 
made it possible to prepare the soil to grow 
crops. The basin of the rivers Tigris and Eu 
phrates and the valley of the Nile became 
the centres of great civilizations, founded 
because there was enough food to supply the 
non-farming population. Similarly, farming 
evolved in northwest India, in north China, in 
the southwestern parts of the United States 
and in Central and South America, Various 
plants were cultivated, such as rice in the East 
and maize and gourds in the Americas. Such 
Primitive farming continues to this day in 
many parts of the world 

The people of ancient Gr 


e and Rome 


imported grain from Egypt and Africa, but 


1 


1 Primitive agri- 
culture involves the 
whole family in the 
task of providing 
enough food for sub: 
'stence. The field 
work is mainly done 
by women, after the 
men have complated 
the heavier work of 


clearing the land 
with oxen. While men 
tend the animals, 
women plant, harvest 
and wage a con. 

stant battle against 
weeds. Work pat 
terns of this sort 
persist in many 
peasant communities. 


both also grew some food ~ grapes, figs and 
olives — of their own. The Greeks and the 
Romans ploughed with ards, and possibly 
used animal-drawn harrows, Sickles were 
used for harvesting the grain they cultivated 
(wheat and barley, not vats or rye). Domesti- 
cated animals included horses, cattle, sheep, 
Pigs. goats, poultry and bees. The system of 
farming was crop and fallow; that is, a crop 
was grown one year and the land left fallow 
during the next in order to allow it to recover 
its fertility 

In northern Europe the forests were 
cleared from the land chosen for cultivation 
First the larger trees were felled, the brush 
cut and the whole area burned, High yields 
(for the times) of rye and oats were some- 
times harvested. After a year or two the land 
was allowed to revert to scrub. This system, 
known as “slash and burn”, is still practised 
in parts of Central Africa 

Following the fall of the Roman Empire 
the Anglo-Saxons conquered England and 
brought with them a new type of farming that 
Was spreading all over western Europe, This 
was the open field system (4), The arable land 


The surplus of crop 
production over the 
Subsistence level is 
often small; a year 
of crop failure from 
drought will mean 
hunger and possibly 
even starvation in 
this inefficient 
system of agriculture, 


G 5 


vast, unfenced areas 
arranged round 

the village. Each 

field was divided 

into a large number of 
strips and each vil- 
lager was allocated 
strips according to 
his status. As well 

as working his own 
landthe villager 
would also work that 


4 Crop rotation 
farming, introduced 

in Europe in the 
Middle Ages, was 
based on three fields. 
One [A] would 

be loft fallow, the 
second [B] would grow 
wheat or rye and the 
third [C] would be in 
barley, oats and peas. 
Medieval fields were 
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owned by the feudal 
lord of the manor. 
Despite the principle 
of division of land, 
this system had many 
disadvantages, includ: 
ing the loss of land 
because of pathways 
between the strips and 
the possibility of a 
badly farmed strip 
affecting other strips. 


5 Ox teams provided 
the basic power units 
of the farms of the 
Middle Ages in 
northern Europe, 

The sturdy ploughs 
used had extended 


quefngis laboiem in pi 
aptabunt im animam wufh:tfan 


mnooentemn eondemprabitt, 


was divided into three great fields cropped in 
a rotation of wheat or rye; barley. oats, peas 
and beans; and fallow, although ploughed 
three times a year. Sheep grazed meadows 
after the hay harvest and possibly stubble- 
fields. The new heavy plough, hauled by two 
to eight oxen [5], turned over the long 
furrows in difficult soil 

The Moors had conquered most of Spain 
and brought with them new crops ~ sugar 
cane, rice and subtropical fruits — as well as 
Merino sheep, ancestors of the great flocks 
now bred in Australia, The silkworm was 
introduced into Naly and fed on mulberry 
trees, while rice was grown extensively in the 
south and also in Piedmont 


New crops, methods and machines 

From America and the Indies new crops and 
new foodstuffs, the most important of which 
was the potato, were brought to Europe 
Maize was rapidly adopted in Spain, southern 
France and Italy, as was tobacco, Tomatoes 
and gourds were important novelties, It was 
in Europe that the most significant progress 
was made in farming techniques 


2 The mattock or 
heavy hoo was the 
basic and sometimes 
only tool used in 
early cultivation, 

It was used to break 
new ground or shift soil but breaks the 
stones anditserved surface for sowing. 
as a hoe while the Originally dragged 
crop was growing, or pushed by men, 


scratch 
plough, still in 

use among peasant 
cultivators in some 
ports of the world, 
does not invert the 


made into butter and 
cheese. The plough ox 
was fattened for 
slaughter when seven 
to nine years old. 

The working day of 
the oxen plough team 


farming to the heavy 
soil, which had 
defeated earlier 
cultivators. Cattle 
were still bred as 
work animals but 
their milk might be 
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it was later adap: 
ted for pulling by 
‘oxen, which doubled 
the area that could 

be ploughed. Various 
methods of attach- 
ment were devised, 
usually with a rigid 
shoulder yoke pegged 
oF strapped in place 


was limited by the 
need for the animals 
to graze. The horses 
that replaced them 
could work longer 
hours and also pull 
the plough faster. 


By the fourteenth century farmers in the 
Low Countries had begun more intensive 
cultivation of crops on the fallow land, mainly 


grains, root crops and fodder plants ~ clover, 
lucerne and rye-grass. The dye crops. 
madder, woad and saffron, were also culti- 


vated, As mechanical skill developed, a 
method of drilling seed by machine instead of 
broadcasting by hand was invented and this 
was to be one of the foundations of modern 
mechanical farming 

The intensive cultivation of fodder crops 
made it necessary to abandon the open field 
system and to make fenced enclosures, both 
to protect the growing crops and to contain 
the grazing animals, The four-course rotation 
[6] replaced the three-course rotation of 
open fields. This allowed higher productivity 
and the feeding of more domestic animals, 
slowly improved by 


which were also being 
selective breeding 

It was the opening up of the American 
plains in the nineteenth century that pro: 
Vided the real impetus for mechanization. 
The plains could grow millions of tonnes of 
wheat to feed the booming population of 


industrializing Europe, but local labour was 
both scarce and expensive. By 1850 a reaping 
machine was already in use, just before a 


steam engine was produced to apply power to 
ploughing, harvesting and threshing 


Scientific farming and increased yields 
The work once done by animals is today 
complished by the tractor, while combine 
harvesters and other complex machines 
gather the crops. A hectare of wheat in AD 
1200 might yield 420-530 litres (12-15 
bushels); today 1 hectare (2.5 acres) of wheat 
in Europe, America, Argentina, Australia or 
Canada might yield 3,500-7,000 litres 
(100-200 bushels). In 1200 the yield of one 
hectare was enough for four or five people for 
a year; today, in the advanced countries of 
the world, a hectare can supply bread suffi- 
cient for between 20 and 50 adults for a year 
as well as seed for the next sowing 

Stock farming has also made unpre- 
cedented progress, particularly in the last 
hundred years. Farm animals have been 
improved, producing more offspring, meat, 
eggs or milk in less time than before 


6 By introducing new 
crops the Norfolk 
four-course rota 

tion eliminated the 
fallow year. Clover 
and turnips fed more 
stock and the manure 
trom the stock helped 
inthe growing of 
improved crops, 


7 Stock breeders of 
the 18th and 19th 
centuries consider- 
ably improved beef 
cattle. The new 
breeds produced the 
extra meat that was 
needed to feed the 
growing population 
of northern Europe. 


8 Modern farming is 
growing increasingly 
Specialized. The flat, 
fertile silts of South 
Lincolnshire, for 
example, seen here 
from the air, carry no 
livestock. This 

is an area of “cash 
crops”: potatoes, 
sugar beet, field 
vegetables and 


bulbs, with wheat 

as a break in the 
rotation. Some farms 
are large and mako 
much use of mach. 
ines. The business 
side is also well 
developed with 
large, private and co- 
operative investments 
in crop process- 

ng and marketing. 


9 Large numbers 
of beef cattle are 
kept throughout the 
year in open yards 
such as this US 
feed lot. Several 
thousand cattle may 
be assembled for 
fattening on a bal- 
anced diet of maize, 
silage, lucerne, 
grain and a mineral 


A rapid replacement 
of man and animal 
muscle power by ma: 
chines has taken place 
since World War Il 
This can easily be illus- 
trated by dividing 
the area of farmed 
land by the number 
of tractors in de 
veloped countries to 
give the num: 

ber of hectares 
worked by each 
tractor. In 1950 

the USA andthe 

UK were already 
mechanized, while 
parts of Europe were 
using horse-drawn 
machines and the 
USSR was re- 
covering from war 
losses. By 1970 there 
were proportionately 
more tractors on the 
tiny farms of Western 
Europe, and those on 
larger holdings in 
the USA and the 
USSR had become 
more powerful and 
versatile machines 


supplement. With 
mechanized feeding, 
labour requirements 
are small and each 
animal's growth is 
rapid. The capital 
required is large 
and the owners are 
more likely to be 
corporate companies 
than traditional 
private farmers 
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The small farm 


Most of the world’s farming is carried on in 
Units that are small by the standards of North 
America or Australia. Land area is not the 
best measure of productivity in farming, 
however, On very fertile soil, with plenty of 
labour available, output can be high and 
special buildings and equipment can enable a 
livestock farmer or market gardener to earna 
good income single handed. 


Traditional peasant farming 

Much traditional peasant agriculture was car- 
ried on to keep the farmer's family alive 
rather than to earn a cash profit. The farmer 
often paid his rent in kind as a form of share 
cropping. From the 7 hectares (17.3 acres) of 
a typical old-style Tuscan farm [1], 47 per 
cent of the produce went to the landlord and 
the remainder fed the eight adults and seven 
children working and living there, with only a 
small surplus for sale. This holding grew 
cereals, potatoes, beans and peas, other 
vegetables and salads for market, vines, 
olives, apples, pears, peaches, apricots, cher- 
ries, plums and walnuts. It had four milking 
cows, two draught oxen, two pigs for meat 


2 Scandinavian farms 2 
have been designed to 
be worked by at most 
two men, with family 
help at peak periods 

of the year. Severe 
winters call for sub- 
stantial buildings 

to house the livestock, 
as on this horse farm, 
Animals are the main 
source of income and 
most arable land is 
devoted to grain and 
fodder to feed them. 

Milk from the cows 
goes to the creamery 
for butter making and 
the skim is returned; 
mixed with barley it 
feeds the best bacon 
pigs. This system 
giving way to gr 
geographical special 
ization in Denmark 
Other Scandinavian 
farmers often work in 
forestry during the 
harsh winter months. 
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and a horse. Wine from the grapes and oil 
from olives were used on the farm and the 
main cash income was derived from the daily 
sale of vegetables in the local market. Such 
farms were still found in Italy until recently 

In northern Europe small farms of a dif- 
ferent type developed during the last century 
as a result of increasing job opportunities 
outside farming and of a growing demand in 
the cities for meat and milk products. Areas 
of 10 to 50 hectares (25 to 123.5 acres) with 
dairy cows, pigs and hens were worked by a 
farmer and his son, or one hired man, the 
farmer's wife assisting with the poultry and 
the calves. In Scandinavia, a network of local 
co-operatives grew up to undertake the 
manufacture of butter, cheese and other pro- 
ducts from milk and of bacon from pigs. ¢ 
somewhat similar pattern developed in parts 
of Ireland but was based mainly on grassland 
farming. Also using grass, but rather diffe- 
rently, small farms in The Netherlands and 
New Zealand could compete effectively in 
world markets for butter and cheese 

The majority of small farmers in Scan- 
dinavia [2], Ireland and New Zealand were, 


or became, owners of their land. Govern- 
ment policies often encouraged the break-up 
of large holdings and provided loans on easy 
terms for small farmers to buy the land they 
worked, In countries where cereal growing 
was not protected by import duties, livestock 
farmers had the advantage of cheap feed 
from abroad, which enabled them to keep 
more animals than their land would carry 

In some of these countries, and in many 
areas where agriculture was once run on 
traditional peasant lines, small farms have 
now been absorbed into larger units. Since 
1958 the number of people working in 
Europe's agriculture has been halved from 
about 18 million to 9 million. Farm wages 
have risen continuously and the very small 
farmer finds it difficult to earn sufficient to 
pay a hired worker 


Help from the government 

Voluntary amalgamations of small farms 
have been accelerated in some European 
countries (including France, The Nether- 
lands, West Germany and the United 
Kingdom) by official schemes to provide 


“Seen 
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farm of 7 hi 
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1 The buildings and 
yard of an italian 

res 
(17.3 acres) near 
Florence had to 
serve a variety of 
needs and enter 
prises. The farm was 


divided into 20 small 
enclosur 


some of 


the cropping wi 
ground under per- 
manent fruit tree 
The crops provided a 
meagre living over 
the greater part of 


15 people living on 
the farm, Tools and 
equipment were 
simple - the tenant's 
only capital wi 

in the form of animals 
and growing crops. 
This situation was not 
unusual in the south 
of Europe, in areas 
where there was only 
small prospect of alter- 
native employment. 
Attempts to rational 
ize farming in these 
areas have created 
political problems. 


retirement pensions for older farmers and re- 
train younger men to work outside agricul- 
ture. The aim, not always successful in prac- 
tice, is to bring the minimum reward of the 
full-time farmer up to that of an employed 
man. In assessing the viability of small farms 
and their qualification for government assis- 
tance United Kingdom economists use a unit 
that takes into account other things beside 
mere land area, Each enterprise on a holding 
is classified in terms of “standard man- 
[Key], based on average performance over 
the whole country; ten days are allotted per 
year for each milking cow, for instance, and 
five for each hectare of wheat or barley. If 
these add up to less than 275 the holding is 
not considered to be a full-time farm, Stan 
dard man-days measure the farmer’s capital 
investment in equipment, stock and land 
Part-time small farms have been an 
important element in rural life over the cen- 
turies. They are still a common, though 


ays 


diminishing feature of parts of Europe and 
the United States. Depending on geographic 
location, farming may be combined with 
fishing (in Scottish crofting), with forestry (in 


3 A wide range of 
enterprises could be 
carried out on a 
small farm if they 
wore all gatherod 
together, In practice 
the number on a 
small mixed farm is 
not likely to total 
more than about half 
a dozen. In aroas 

of high rainfall the 
emphasis will be on 
grazing livestock, 
where summers are 
dry crops will be of 
most importance, 


Scandinavia), with small-scale mining or 
country crafts (in south Germany) or with 
part-time and seasonal work in nearby fac- 
tories. Production from this form of agricul 
ture may not be vital to the national 
but for many people part-time 
farming satisfies a social need for an outdoor 
way of life and a certain independence [5] 


economy 


Farming and the environment 

Preservation of viable small farms, even if 
they are worked only part-time, is increas 
ingly seen as important to tourism and to the 
wider enjoyment of the countryside. The 
traditional picture that many people have of 
farming and their knowledge of the country- 
side often come from small mixed farms on 
which they have stayed as summer guests. In 
the more difficult, if picturesque, environ- 
ment of the mountains and uplands the 
disappearance of small farms could leave a 
depopulated wilderness. Year-round life is 
hard on such farms, however attractive they 
may seem in summer. Some countries have 
therefore introduced special schemes of 
financial assistance 


4 Farming in Switz- 
erland is restricted 
to a series of small 
holdings. The high 
altitude of most ofthe 
agricultural land 

and the high rainfall 
prevent farming from 
being a major part 

of the Swiss econ 
omy; in recent years 
it has employed only 
about 20% of 

the population. 


5 New England is one 
part of the United 
States where small 
mixed farms of an 
earlier traditional 
pattern survive. Many 
are now owned by 
city dwellers as 
places for relaxation 
and a change of scene, 
with caretaker work 
ers in charge. This 
pattern is also 
spreading in Europe. 


Two contrasting farm 
patterns both need 
the labour equivalent 
of a man and a half 
The livestock farm [A] 
will have help from 


the farmer's wife 
and family at times, 
and possibly from 
a pensioner or 
student. The arable 
farmer's wife will 


not work on the farm 
[B] but contrac: 

tors will be used for 
some work and casual 
labour will be hired 

at busy periods 


15 Orchard 
16 Farmn 
17 Vegetables 


NS 


The farming corporation 


Organized agriculture planned to provide the 
balanced food requirements of a community 
is probably as old as settled man and his farms 
and first towns in the Fertile Crescent. High 
production farming or “agribusiness 
involving capital investment as well as sci 
tific management and business techniques, is 
a response to the demands of the huge indus- 
trial populations of the Western world and 
hopefully its benefits may be extended ul 
mately to countries that are still greatly 
undernourished in the late 1900s, 


Surplus, not subsistence 
The experience of English farming, notably 
in the southern and eastern counties in the 
eighteenth century, pointed the way by pro- 
ducing crops surplus to the needs of a simple 
subsistence economy (this still remains the 
Occupation of farmers in the greater part of 
the world) in order to supply the burgeoning 
population of London with sufficient food 
and for export to Europe. 

The Industrial Revolution in western 
Europe provided an historicimpetus towards 
the modern practice. In countries where the 


1 


2 Agriculture and 2 
industry have 
become highly 
interdependent. The 
farm, once seit- 
sufficient, is now 

an important mar- 


ket for suppliers 
of petroleum prod- 

ucts, chemicals ~ 

crop dressings, lh 
synthetic fertil- meng. 


izørs -machinery 
bui 


as dairy products, 
meat and many 
animal by-products. 
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rapidly increasing urban population had led 
to a demand for food that could not be met by 
traditional farming methods in Europe, a 
market emerged for large-scale farming 
production and for imported food from such 
developing production areas as South 
America and Australia, Yet meat and dairy 
produce from countries in the Southern 
Hemisphere could not be shipped in good 
condition through the tropics to European 
markets. 

The answer to the problem was the 
introduction of mechanically refrigerated 
ships. From that first important beginning, 
modern techniques of refrigeration have 
developed to play a fundamental role in food 
marketing and in the organization of 
“agribusiness” with its huge output of deep- 
frozen, polythene-wrapped food for storage 
in domestic freezers. 


Modern farming techniques 

The modern farm may be one of a group of 
several operating under the control of a 
central organization, each perhaps averaging 
several hundred hectares; not large farms, 


but each rather larger than the national 
average. Economic studies have shown that 
farms of medium size tend to be more effi- 
cient than large ones. This is particularly true 
of dairying in which there has to be a close 
relationship between the milker and the cows 
he or she handles and of farms with mixed 
cropping in which timing calls for close 
supervision. Further limitations may be set 
on the size of some single livestock units to 
prevent the risk of disease and to aid the dis- 
posal of waste products, 

Difficulties of supervision have been most 
successfully overcome with poultry, both for 
meat and egg production. In this area “fac- 
tory farming” [1] has developed to its 
greatest extent, Birds bred specifically for a 
controlled environment and for rapid 
maturity spend their whole lives in buildings 
and are kept in very large numbers, The 
buildings are insulated against changes in 
outside temperature, with forced ventilation. 
For egg production, lighting simulates an 
even day length, to eliminate the natural 
spring flush and autumn decline in laying that 
occurs out of doors. In this totally artificial 
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1 Farfrom the 
free-range life, hun- 
dreds of 


has made its greatest 
strides in poultry 
breeding — chickens, 
andturkeys. Ina 
typical plant, food 
storedin grai 

silos [1] is mixed 


jel. 
lets [2]. The eggs, 
which have been 
checked for fertility, 
d 


maticteeding and 
droppings disposal, 
The eggs are graded 
and dispatched [6], 
while bi 


thene for dispatch 
tothe chain stores 
and their custom- 
ers’ deep tr 


environment birds are hatched, grown to 
maturity and slaughtered in their hundreds of 
thousands before passing through a deep- 
freezing process to keep the plant's output 
steady throughout the year, This applies even 
to turkeys, where the market is seasonal, as at 
Christmas and Thanksgiving 


Production and processing 

Pigs are also raised for slaughter in large 
numbers but the breeding units are not on the 
scale of those used for poultry and are often 
in the hands of specialists other than farmers, 
Slaughtering and processing are performed 
by outside commercial companies or by co- 
operatives, which may be wholly or only 
partly owned by farmers. 

The integration of beef production and 
Processing along similar fines is mainly 
confined to the United States, where the 
trend towards larger units for many types of 
livestock production was originally fostered 
by feed supply companies to increase their 
own sales. In Australia and New Zealand [3] 
much farming has always been on a large 
scale and geared to the requirements of 


3 New Zealand 
farming was for many 
years geared almost 
entiroly to the ex 
port of dairy prod fore almost all pas- 
ucts, lamb andwool toral. Sheep farm 
to Great Britain ing, based partly on 
The climate of the Scottish exper 
tho islands favours 


grass growth for 
much of the year 
and large-scale 

farming is there 


3a 


export markets, This has led to highly 
developed methods of organization, often on 
a co-operative basis, with powerful producer 
boards and finance companiesas well as firms 
specializing in the processing, packing, 
exporting and marketing of food products. 
ot all farming enterprises lend them: 
selves to organization as large units — a fact 
discovered in places where agriculture has 
been nationalized or collectivized. In the 
USSR, much of the national supply of fresh 
meat and vegetables still comes from private 
plots worked by individual members of the 
collective. Elsewhere the commodities most 
successfully produced by large units have 
been cereals, sugar, tea, tropical industrial 
crops (tea, cotton and rubber), vegetables 
(where there is a ready access to large mar- 
kets) and salads (in The Netherlands, where 
land is at a premium, multi-storey 
greenhouses are in use) and orchard fruit 
The techniques of modern profitable 
farming call for larger amounts of capital 
than previously, which enable more raw 
material to be bought or products to be pro- 
cessed for the market [2] 


ienco of oarly sot 
tiers, utilizes three 
different environ 
ments, Mountain 
country in the South 
Island [Alis devoted using aircraft to 
almost completely spread lime and 
to wool production fertilizers, thus en, 
couraging the growth, 
of grasses and clover 


from Merino |1] and 
Corriedale |2] sheep. 
The fertility of the 
high country has been 
greatly increased by 


Key 
Large farms occupy 
12% of agricultural 
land in England and 
Wales, representing 
1.2% of the holdings, 
and employing 30% 
of the full-time farm. 


Large 
farms 


and improving thair 
quality. The lower 
hill country [B], where 
conditions are less 
severe, is mainly 
stocked with Chev: 
iot ewes |á] which, 
mated with Romney 


workers (1973). The 
production statis 
tics indicate that 
the large farm is 
much more efficient 
than the small farm 
especially regarding 


duce crossbred 


ewes [6] that are 
hardy, productive and 
good milkers. The 
other main product 

of this zone is wool 
When the crossbred 
ewes are moved down 
to the plains [C]. whore 


Smati Fulltime workers 
farms 


fowis that are factory 
farmed. The figures 
do not reveal the 
full picture as they 
donot comparethe 
capital input of the 
twotypes of farms, 


the stocking rates 
are higher. they are 
‘mated with a South: 
15] or other 
Down breed ram and 
the offspring [7] 

are fattened for 
slaughter, as are 

the male crossbreds 
brought from the 

hills. This well con 
sidered system makes 
possible the produc 
tion of uniform, 
carcasses, which are 
carefully graded for 
weight and “finish 
and has given the 
product a high repu 


High country farming 
Hill country farming. 
Lowlandtarming 
Merino 

Corriedole 

Romnay Marsh ram 
Chaviot owe 
Southdown ram 
Crossbrood 
Fatiamb 


seesunuces 


tation in meat mar 
kets abroad New 
Zoaland is now di 
sloping new marke! 
for sheep of a rather 
diferent kind. One 
of the most import 
ant customers is 

Japan whose meat 
onsumption has con 
tinued to increase 

in tacent yours 


TL 


Farm machinery and buildings 


Mobile farm machinery first came into 
general use during the nineteenth century 
Before this time one farmer with manual 
farming methods could grow little more than 
enough food for himself and his family. Some 
attempts had been made to mechanize such 
jobs as threshing, using a horse driven in a 
Circle as the source of power. Steam-powered 
ploughing, although widely adopted on dif- 
ficult soils, involved winching the implement 
from one side of the field to the other. 

The most successful horse-drawn farm 
machine was the reaper invented by Cyrus 
McCormick in 1831 which cut grain crops 
and tied them into sheaves. It made large- 
scale growing possible where labour was 
limited, as on the North American prairies. 


The rise of modern machinery 

The development of the internal combustion 
engine replaced the horse teams by tractors 
[3]. At first these merely pulled trailed imple- 
ments or replaced steam engines for station- 
ary work when fitted with a belt-drive from 
the side. Hydraulic lifts, powered by a small 
rotary pump, enabled other implements 


1 


3 A modern high- 
power tractor can 
carry and workimple- 
ments both in front 
and atthe rear. The 
high-level scoop is 
carried on the hv- 
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draulic system and 
the operator, using a 
single lever, can 
manipulate it from 
his seat. The cab 
provides protection 
against overturning 


to be attached at the front or rear; 
these implements could be raised for trans- 
port and lowered for work 

Grain harvesting with a reaper-binder 
still involved manual work when assembling 
the sheaves for drying, carting, stacking and 
handling for threshing, The combine har- 
vester [2], controlled by one man, delivers 
the threshed grain in a single operation, As 
Successive models have increased the work 
capacity, they have come to be fitted with 
their own power units, as have other large 
field machines. Grain is conveyed mechani- 
cally from reception pit to dryer and then in 
and out of bulk stores. 

Other types of farm machines include 
tillage machines, which break up the soil 
and prepare it for the seed. The plough is the 
best known of these and they do the heavy 
work, Rollers are used to flatten the larger 
clods of earth and harrows make the soil sur- 
face fine and soft so that the seed can be 
sily buried’ Sowing machines place the 
seed in the soil. Broadcasting machines sow 
seeds such as grass and clover at random, 
while drills that place seed in neat rows and at 


a given depth are used for cropssuch as wheat 
and barley. For root vegetables precision 
drills space the plants correctly and protect 
the seed from birds. Cultivators do the 
hoeing; they kill the weeds and keep fallow 
Jand from being overrun with weeds. The last 
main category comprises livestock machines. 
Milking machines, worked by suction- 
vacuum pumps, have replaced the hand 
milker and the milk is delivered by machine 
direct to the cooler. Animal feed is mixed and 
carried by air flow to the feeding point and 
manure is also handled mechanically in the 
buildings and in the fields 


Development of farm buildings 

Buildings have undergone radical changes in 
design and layout over the last 30 years. 
Their traditional pattern consisted of a group 
of structures around a yard or a number of 
yards, with solid outside walls for protection 
against bad weather and for the security of 
the stock. Typically, such an assembly would 
include a barn for storage of grain and fod- 
der, a shed for tied cows where the milking 
took place and a dairy. There would also be 


1 Horse-drawn 2 The combine harv- 


reaper-binders ester does its own 
openedupthegrain  threshinginthe 
lands of the New field, separating 


World to large-scale 
export production and 
had a far-reaching 
effect on world trade. 
Seasonal workers 

were still needed to 
assemble the sheaves 
Into stooks for 
drying and toload 
them ontocarts for 
transport back to 

the farm for threshing, 


grain from straw, 
sieving out small 
weed seeds and blow- 
ing away the chaff. 
Grain is collected in 
a bulk tank, then dis- 
charged into a sor 
vicing truck, The 


CONNECTIONS 
See. 


main parts arethe 
cutter-bar assembly 
[1]: the threshing 
[2] with beaters, 
and afanto 
drive out the chaff, 
the straw walkers (3), 
more grains 
shaken out andthe 
straw discharged 
and the grain tank 
and discharge [4] 


4 Most cultivating control the depth 
machinery is mounted or height of working 
on the 3-point link: Implements such as 


age atthe tractor’s this rotary culti. 
rear and connected vator can carry out 
tothe power oft several tasks atone 


shaft. Itcan be 
raised by the hy- 
draulic system for 
transport and 
adjusted by itto 


pass of the field, 
reducing time and soil 
consolidation from 
the passage of 

the tractor wheels, 


separate stable boxes for horses, sties tor pigs 
and open-fronted shelter for the beef cattle 
which trod straw into manure in the yards 
during the winter months. 

Modern farm buildings are of two main 
types. The first and most usual was made pos- 
sible by the development of wide-span metal 
concrete or laminated wood beams which 
carried lightweight roofing material without 
the need for an intermediate support. This 
meant that tractors and other machines could 
be driven anywhere in the building without 
obstruction. The basic “Dutch barn” [6] can 
be subdivided in any that suits the 
farming system, given exterior cladding (for 
insulation) against the weather, and it can 
also be enlarged at the sides by adding lean- 
to extensions where height is not essential, 

Parts of the covered area can be used for 
different purposes in the course of the year; 
for example for housing stock at one time and 
maintaining machinery at another, For dairy 
cows, the cowshed has been replaced by an 
open area with individual cubicles for lying 
down, a loafing area and a bulk feeding area 
With the aid of modern machinery, cows are 
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milked in a parlour adjoining the dairy to 
which the milk is subsequently piped, and 
concentrated rations may be automatically 
allocated to each cow by computer. 


Controlled environment house 

The second main type of building is the con- 
trolled environment house for intensive 
production [7] of pigs, broiler chickens and 
eggs. This is normally a fairly low structure, 
with the hens housed in wire cages. The eggs 
roll onto conveyor belts and are removed to a 
special egg-packing room. The interior is 
completely isolated from the outside world, 
and lighting is operated to make “days” and 
“nights” so that the hens lay their eggs more 
often. There is also forced ventilation which 
controls the temperature; except for piglets 
and young chicks, housed animals generate 
their own heating, 

The closed yard has given way to a grid of 
all-weather concrete roads to carry the in- 
farm animals and materials, and the delivery 
and dispatch of feed, fertilizer and produce 
[Key]. It is the traffic flow that is the deter 
mining factor in asound modern farm layout. 


6 Modern gene 
purpose buildings 
consist ofa light 

roof carried on wide 
beams high enough to 
admitfully laden 
Vehicles andto allow 
for storage. The 
lean-tois anecon- 
comical addition, need: 
ing only one set of 
uprights. The rest of 
the weight is takon by 
the original building. 
Cladding may be used 
tokeep wosther out 
and as temporary in 
sulation, for bulk 

storage of potatoes, 
provided by a layer 

of straw bales on 

the inside. Cattle 

may be given access 
to concreted yards 
for bulk feeding. 


Trattic round the 
buildings of an 
arable farm with 
livestock is con: 
siderable at any 
time of the year. 
particularly at har: 
vest. A modern lay- 
out will have to take 
account of this. A 
hard surface round 


the buildings [1] not 
only allows free 
access tor vehicles 
and machinery but 
also keeps animals 
clean (important for 
milking cows). Traffic 
concentration points 
include recepti 

‘and loading 
tor grain and potat 


12) 
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008, the area wher 
silage crops are un- 
loaded trom the 
ald into towers 
or clamps [3]and 
points where live- 
stock are handled [4]. 
Few farmers are able 
tostartsuch a lay- 
outfrom scratch and 
80 must compromise. 


5 Traditional farm 
buildings and lay. 

outs are often very 
old and embody the 
needs and practices 
of different epochs 
This one belongs to 
the farming days of 
the 19th century 

with modern additions 
such as the Dutch 
barn [1]. There are 
storage buildings 
12], an open-tronted 
shelter at the rear 

of the yard for 
bullocks to be 
fattened on roots 
and cattle cake in 

the winter [3]. 
acowshed [â], 

a small range of pig 
sties [5] and stable 
boxes for horses [6] 
These substantial 
and expensively con: 
structed buildings are 
often difficult to adapt 
to modern mech: 
anized agriculture 


7 Intensive animal 
production calls for 
Special housing to 
save on labour and 
the cost of feed, 
Ventilation and heat 
ing are both needed to 
keep the animal at an 
‘optimum temperatur 
otherwise the feeding 
is affected, With 
ahigh concentration 
of numbers ina small 
space there isan 
added risk of infec- 
tious diseases and 
therefore a high 
standard of hygiene 
is essential, With 
hens, egg laying is 
related to day length; 
to maintain regularity, 
hours of artificial 
daylight are kept 
fairly constant. 
Buildings of this 

kind are normally 
low and have 

special arrangements 
for dealing with 

the large quantities 
of manure produced. 
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The living soil 


All forms of life on land depend directly or 
indirectly on soil [Key]. Soil is a result of all 
the processes of physical and chemical 
weathering on the barren, underlying rock 
mass of the earth that it covers, and varies in 
depth from a few centimetres to several 
metres. The depth of soil is measured either 
by the distance to which plants send down 
their roots or by the depth of soil directly 
influencing their systems. In some places only 
at very thin layer is necessary to support life. 

Pedology [2]. the study of soil and its 
unique biological, chemical and physical 
properties, is a science that first came into its 
own at the close of the nineteenth century 
when the Russian geologist Vasilii 
Dokuchaev (1846-1903) identified the basic 
determining factors in the morphology - 
structure or form — of soils, 


The organic content of soil 

If soil is the outcome of time and weather at 
work upon rock it remains an unconsolidated 
mass of inorganic particles until it acquires a 
minimum organic content and plants take 
root and deposit their litter within. As the 


Subsoil 


organic matter accumulates fine humus 
builds up in the upper soil horizons [1], 
enriching them chemically and providing an 
environment for a wide variety of life forms 
In the course of time plants, fungi, bacteria, 
worms, insects and burrowing animals such 
as rodents and moles reproduce in the soil 
and thrive in the complex ecosystem of a 
mature soil [3] 

The formation of soil is the result of the 
interaction of five major elements — the 
parent rock, land relief, time, climate and 
decay. The parent rock is the source of the 
vast bulk of all soil material, During weath- 
ering this rock is physically reduced to a mass 
of gravel, sand, silt and clay, Soilis not always 
identical to its parent material because of the 
humerous chemical transformations and 
physical disturbances it may undergo during 
its formation 

Land relief is another factor influencing 
the creation of soils. On steep slopes only 
thin, dry layers accumulate because of the 
rapid water run-off, In level, high country, 
soil layers dense with clay tend to accumu- 
late. Where organic decay is slow, in poorly 


‘ok i ob 


2 The composition 
and colour of a soil 
identifies it to a 
pedologist, This 
tundra soil [A] has a 
dark, peaty surface. 
Light-coloured desert 
soil |B] is coarse 
and poor in organic 
matter. Chestnut- 
brown soil [C] and 
chernozem [D] - the 
Russian for “black 
earth” — are humus- 
rich grassland soils 
typical of the step- 
pes and prairios of 
North America. The 


reddish, leached lat- 
osol [E] of tropical 


Fragmented 
tock 3 


1 The profile of the 
soil reaches down 
from the most recent 
ly deposited topsoil 
10 the parent bed- 


materials, is richer 
in accumulated min- 
erals than both the 
topsoil and humus 
above it. Horizon 


rock revealing t 3 is made up of the 
various recognizable partially weathered 
layers or horizons particles of the life 
Beneath ahorizonof less parent bedrock 
grey-black topsoil [1] [4] at the bottom, 


Profile A is of acid 
brown earth found in 
temperate climates ~ 
this one on sandy rock 
-and B is a culti- 


and its upper layer 
of humus thes 
the subsoil layer 
12] which, while 
poorer in organic 


Slug 
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savannas has a very 
thin but rich humus 
layer. Podzolic soils 
are typical of nor- 
thorn climates where 
rainfall is heavy 

but evaporation is 
slow. They include 
the organically rich 
brown forest podzol 
IF], the grey-brown 
podzol [H] and the 
grey-stony podzol 

[I] that supports 
mixed growths of 
conifers and hard- 
woods. All are ret 
tivaly acid. The red: 
yellow podzol |G] of 
pine forests is 

quite highly leached. 


vated brown earth of 
the same climatic re- 
gion. Grey leached 
podzol [C] is typical 
of wet, cool climates 
—for example, the 
taiga in Russia — 
while oxiso! [D 
thick red soil cor 


taining iron com- 
pounds, is found in 
humid, tropical 

lands where chemical 
and biological activity 
are both high 


3 The soilis a 
complex ecosystem. 
A square metre of 
fertile soil teems 
with more than 
1,000 million 


drained regions, thick layers of dark organic 
soils build up. A hillside receiving direct sun 
will acquire a different soil from that hidden 
from direct exposure, because of the differ- 
ences in moisture content. Time is another 
passive agent in the formation of soils, Young 
soils have almost no distinct horizon mark- 
ings. whereas mature ones acquire a well- 
marked profile that undergoes only minimal 
changes with the passage of time. 


Climate and soil composition 
The single most important factor in the 
development of soil is climate [4, 5]. Water is 
essential to all chemical and biological 
change in soil; as it percolates through, it 
leaches the surface layers (this is “eluvin 
tion”) and deposits material in the subsoil 
(illuviation"), In areas of heavy rainfall the 
soil undergoes extreme leaching and is 
rendered relatively sterile. In contrast, exces- 
sive evaporation in arid climates results in the 
building up of salt deposits in the soil 
Temperature directly affects the rate of 
chemical and biological activity in the soil, In 
tropical climates where such activity is high, 


individual forms of 
life, from micro- 
scopic organisms to 
insects, worms and 
large animals such 

as burrowing rodents. 


Inthe steppes, for 
‘example, these in 
clude marmots, sus: 
liks, hamsters and 
mole rats. All play 
an important 


CONNECTIONS 
Soe aiso 


part in helping 
the 

to acceler 

je processes 

of decay and of 

humus formation, 


1 Bacterium 
2 Protozoan 
3 Aloa 
4 Virus 
5 Fungus 
6 Eolworm 
7 Earwig 
8 Woodious 
9 Mie 

10 Centiped 

11 Millipede 

12 Spider 

13 Ant 

14 Springtal 

16 Cricket 

16 Cockchater larva 


decay is rapid and the soils are poor in humus 
In tundra regions, where the topsoil is frozen 
for more than half the year, and the subsoil is 
permanently freezing point, the 
reverse holds true: organic matter accumu 
lates in thick layers. 

Lateritic soils are an excellent illustration 
of the effects of climate. In hot, wet environ 
ments such soils are highly leached, and con 
tain little other than deposits of iron and 


sluminium oxides. If directly exposed to the 


fierce tropical sun, these soils become a 
baked, brick-like mass known as laterite to 


which vegetation can never return 


The importance of decay 

A variety of biological factors influence soil 
formation. Plants stabilize the earth 
reducing erosion and surface run-off. They 
also maintain soil fertility by concentrating 
organic material and nutrients back at the 


surface after they have been washed down 
As they decay the plants also provide the fine 
organic humus litter vital to soil life. 

The role of soil bacteria is crucial for they 
not only fix nitrogen from the air in a form 


Cie 
I ross ste wn 
a Grey-brown 


that plants can use but also promote the pro- 
cesses of decay. Animals whose homes are in 
the soil have an important if largely mechan 
ical function in shifting and aerating the soil 

it has been estimated that earthworms alone 
can turn over between one and ten tonnes of 
soil per hectare per year, As they eat and 
exerete the soil they also change its texture 
and composition 


Under normal conditions soils naturally 
replenish themselves. Yet where ruinous 
agricultural practices prevail, soils can easily 
deteriorate in fertility. A dr 
tion of this is the dust bowl, 


matic illustra- 
a man-made 
desert from which the valuable topsoil ha 
been removed by the wind in conditions of 
continuing drought, This is brought about by 
certain farming practices in regions with 
unsuitable climates 


Soil conservation is the effort to avoid this 
destruction of the soil and to maintain it at 
the most productive level possible. This 
requires a combination of all the techniques 
of soil science in preparing the land, irrigating 
it, fertilizing it and planting the right crops to 
stabilize the soil and prevent erosion 


The whole structure 
of life on earth, with 
the enormous di 
versity of plant 


and animal types 
herbivores, car 
nivores, man him: 


self — is utterly 


Lateritic solla 


on ee 
B +o onc cark grey 
5 


| 


Trees 


Meee and dark grey 
desert soils can 
support only a 
slender indigenous 
plant and animal 
population, but 
ephemeral life 
in the tundra, 
during its brief 
summer, or ti 
desert regions after 


exceptional rainfall 
will attract a con- 


5 Climate exerts 
the strongest 
influence on the 
nature of soil 

on which plant and 
animal life depends, 
and this, in turn, 
determines which 
species will 
flourish best 

n its particular 
area, Tundra and 


Ae 


inut reddish and brown 


M 


Oras 
Prairies and chernoeam soils (inci 


WE ecisisn prairie. reoaish-chestnut and rodd 


land soils 


siderable visiting 

population of ani: 

mals. Other soils such 
s latosol support 

a wide range of 

plants and animals: 

in the African 


6 Hydroponics is 
the science of mak- 
ing substitutes for 
soil and has been 
successful in growing 
plants in totally 
soil-less conditions. 
savannas, for ex- In hydroponic agri 
ample, with thelr culture all a plant's 
huge populations needs, including oxy 
of herbivores and gen, light, water, 
attendant predators. mineral salts and 


donegrated chernozems 


th- brown soils 


F Tundra 


Solia of arid regions 


M uncitterontiotoa highlands 


ially provided 
within the protected 
nd temperature: 
controlled environ: 


ments of a green 1 Carbon dioxide 
house. There plants 2 Oxyger 

are treed from 3 Water 
competition with 4 Noteots 
weeds, and damage Š Energy 

by insect postsand $ Hont, 
viruses is reduced. B Harvest 


dependent upon a 
thin, nutrient- and 
moisture-rich 
mantle of soil. 


4 Soil groups can 
be correlated with 
the various climatic 
and vegetational 
zones of the 

earth. Podzolic 
soils are found 

in moist, cool cli- 
mates. Latosols 
and black or 

dark grey soils 

are common to 
the equatorial 
regions between 
the tropics of 
Cancer and Capri 
corn. In sub-humid 
and semi-arid 
temperate zones of 
the world, where the 
land is at its 

most fruitful, the 
prevalent soils 

are chernozem, 
chestnut-brown and 
reddish prairie. 
Grey or red soils 
are typical soils of 
the near-barren 
desert regions 

of the earth, 

while sub-polar 
climates are 
characterized by 
the scanty tundra 
Soils bearing only 
sparse vegetation 


9 Waste 
10 Potash from burnt waste 
11 Alcohol from waste 

12 Racycled nutrients 

13 Chemically inert support 
14 Plastic mesh support 

15 Air space 

16 Water culture solu 
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Water and irrigation 


Irrigation is the artificial watering of land, It 
may be necessary for several reasons : where 
rainfall is too sparse to raise any crops at all; 
where it is seasonal or erratic from year to 
year; or simply where the natural supply of 
water needs to be supplemented in order to 
increase crop yields 

Systematic watering has been responsible 
for the transformation of vast expanses of 
arid, infertile land to highly-productive soil 
[4]. Some 162 million hectares (400 million 
acres) of land are irrigated in the world today 


Ancient irrigation methods 

Irrigation was crucial to the development of 
settled agriculture and the rise of the first 
great civilizations, More than 5,000 years 
ago, farmers along the banks of the Nile used 
its waters to irrigate their fields. 

Ancient irrigation systems could be 
immense, even by modern standards, In Iraq, 
remnants of a canal 120m (395ft) wide and 
some 10m (33ft) deep have been traced for 
miles across the countryside, In Egypt, a 
channel some 19km (12 miles) long con- 
nected the Nile to Lake Moeris, which was 


3 Mesopotamian irri 
n systems like 
this were vital to 

the civilizations 
that grew upin that 
arid area, Without 
irrigation, cultiv. 
ation would not 
have been possible: 
without a stable 
society, the complex 
of canals, ditches, 
dams and reservoirs 
would not have been 
built or maintained. 
Hammurabi, king of 
Babylon (1750 BC), 
actually drew up an 
elaborate code of 
rules for use of 
water in irrigation, 


used as a reservoir for the river's regular and 
life-enriching floodwaters 

Ancient forms of irrigation ranged from 
simple networks of ditches that were filled 
from wells and rivers to elaborate systems of 
dams, reservoirs and canals (3) 


Traditional methods 
Pre-industrial civilizations possessed and still 
use a wide variety of devices for lifting water 
to their fields. The Arabs, for example, use a 
simple contraption called the shadoof. It con- 
sists of a long, pivoted pole with a bucket at 
one end and a weight at the other that helps 
to counterbalance the weight of the water 
scooped up in the bucket 

The Archimedean screw, while still only a 
primitive form of water pump, is, even so, a 
sophisticated irrigational device compared 
with the shadoof. It consists of a helical shaft 
housed in a long cylinder. One end of the 
assembly is dipped below the surface of the 
water and, when the shaft is turned, water is 
lifted and disgorged from the other end of the 
tube on to the land. 

Another 


ancient water-lifting device is 


1 Dry farming means 
growing crops without 
irrigation where the 
annual rainfall is 
below 50cm (20in), 
Here olive trees are 
placed at the centre 

of shallow earth 
basins which funnel 
rainwater inwards 


YH 
M4, f 
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2 Drought-resistant 
sorghum is farmed 
in arid regions of 
Israel. Wide-spaced 
crops, thorough 
weeding, and well: 
tilled and organically 
rich soil all ensure 
the efficient use 

of natural water. 


the Persian wheel, consisting of an upright 
waterwheel linked by gears to a horizontal 
drive-wheel. A draught animal harnessed to 
the latter circles endlessly to turn it 


Modern systems 
Today, three main forms of irrigation are 
employed to provide the root systems of 
plants with a uniform supply of water 

The first is underground irrigation, a 
method that brings water to plants directly 
through the soil. This methodis practical only 
where the terrain is level and where the soil is 
highly permeable and situated over 
impermeable layer which traps ground water 
and permits it to seep upwards to the plants 
by capillary action. Underground irrigation 
minimizes water loss due to evaporation 


an 


Unfortunately, it tends to deposit unwanted 
mineral salts at the surface, Such accumula 
tions have to be cleaned from the soil, so 
heavy rains or deliberate flooding is essential 

The second and most common form of 
irrigation is from the surface [5] 


Land on 


which this method is used is normally laid out 
n border strips, barns or furrow 
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See aiso 


4 Imperial Valley in 
the United States 
was transformed by 
large-scale irriga 
tion engineering. It 
usedto be arid [A] 
like its surrounding 
area inthe Great 
Basin region, with 
commercial crops 
impossible to grow. 
Now itis an intense 
ly farmed area. In 
1905 and 1906 flood 
ing of the Colorado 
River wracked first 
attempts at irriga- 
tion. But with the 
construction of the 
Hoover Dam (1935), 
tocontrol the Col. 
orado, and the 130km 
(80 mile) All Amer 
ican Canal (1940) 
the valley changed 
from parched desert 
toan agricultural 
garden. A 4,800km 
(3,000 mite) irriga- 
tion network [B] is 
the area's mainstay 
itwaters halfa 
million acres and 
imperial Valley's 
productivity is im. 
mense [C]. One prob 
lemis that water 
cannot drain away, as 
the valley is below 
sea-level, It evap. 
orates eventually, a 
residue of salt is 

left andthisisa 
threat to the soil’s 
fertility in future, 


The border strip technique entails 
dividing the land into long, rectangular sec- 
tions fed by acommon supply channel, Water 
ducted into this ditch flows as a broad sheet 
over the entire strip, the surplus draining off 
at the lower end. Border strips are most often 
used to grow small grains and fodder crops. 

Basin irrigation means that water is 
trapped by low retaining walls around the 
edge of the field until the earth becomes 
thoroughly soaked. Rice is the major crop to 
be cultivated in such a way 

Furrow irrigation is most suitable for row- 
grown crops like corn or cotton, Furrows up 
to 500m (1,640ft) in length are ploughed bet- 
ween the rows. They slope very gently away 
from the water source, so that water running 
along them does not cause excessive erosion 
but can soak slowly into the soil surrounding 
the crops. 

The only drawback with surface irrigation 
is the difficulty of giving all parts of a field an 
equal amount of water. In the process of 
ensuring that all parts receive enough, many 
receive too much and, as a result, valuable 
water is wasted, 


5 Anessential part 
of any irrigation 
system [A] must be 
ahigh-lying source 
of water [1]. Laki 
and rivers of moun- 
tainous regions are 
obvious choie 
with the man-made 
reservoir |2] asan 
alternative. A main 
canal [3] transports 
water from the prim: 
ary sourcetothe 
head of a low-lying, 
cultivated area [å] 
Bshows how water 
brought in by the 
main canal (3) is 
ducted into a number 
of secondary chan: 
nols [5]. These 
follow the contours 
of the land, so por: 
mitting a continuous 
downhill water flow 
(6), and irrigation 
without need of any 
pumping. Usually, 
irrigated areas are 
the flat, alluvial 
floors of river 
valleys [7] contain: 
ing settlements [8]. 
Irrigation of the 
fields themselves is 
donein avariety of 
ways, depending 
‘onthe lie of the 
land, the crop and 
available water. If 
water is plentiful 
fields can be sub- 
divided into basins 
{C] which can thon 
be flooded as needed. 
Analternative meth: 
‘ods furrowing [D] 
where controlled 


The final watering method is overhead 
irrigation. Spray lines or sprinklers are used 
in an effort to simulate natural rainfall 
Sprinklers can deliver water in a variety of 
concentrations ~ from fine mist to a heavy 
downpour. They are generally set up in rows 
and connected by pipes to a central pumping 
unit, The main advantages of sprinkler irriga- 
tion are that the land requires no special 
preparation and the application of water can 
be efficiently controlled by the farmer. 

A recent innovation has been the use of 
trickle systems. Water is brought directly to 
the base of a plant by narrow plastic tubing 
and steadily dripped from a nozzle. This 
method is highly efficient in its use of water 
and returns higher crop yields than any other 
approach. The high cost of installation is its 
main drawback 

Just one example is sufficient to indicate 
how enormously the amount of water needed 
by a field varies with crop, climate and the 
nature of the soil, Grain crops that are able to 
flourish on 46cm (18in) of water in one 
region may require nearly double that 
amount elsewhere, 


amounts of water are 
allowed in via 
siuices and siphons. 
(Thisis called in- 
filtration.) Natural 
flow irrigation [E] 

is best suitedto 
gontly-sloping types 
of field; the water 
percolates slowly 
down the slope from 
an upper channel. 
Ifthe land slopes 
very sharply, then 
terraces can be cut 
intothe hillside as, 

has been done for 
centuries in China, 


Key 


The waterwheel 

‘one of the earliest 
known devices to 
have been used in 
Irrigation, Like 


6 poorly drained 
land (A] in a dry clim. 
ateis irrigated, 
salts inthe water 
used can seriously 
threaten crops and 
soil; water contain- 
ing more than 700 
parts per million of 
saltis directly 
harmfulto plants, 
but lower levels can 


all the most basic 
Irrigation imple: 

ments, this was de- 
signed to litt water 
from walls, rivers, 


also be disastrous, 
Poor drainage means 
that the water-table 
will eventually rise 
and bring dissolved 
salts back to the 
surface [B]. As the 
water evaporates [C], 
salt is deposited in 
the soil inever 
increasing amounts, 
Finally, the crops 


pools and reservoirs 
and transfer itto 
ditches, which car- 
ried itto the fields 
containing crops. 


arekilled andland 
once fertile becomes 
sterile desert. Even 
80, the installation 

of a drainage system 
underground and new 
ditches will lower 

the water-table once 
more. The salt can 
then be washed out 
ofthe soil by 
means of fresh water 
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Improving crops 


One of the most effective technical measures 
for increasing the productivity of crops and 
plants is by the application of fertilizers 
[Key]. These are substances supplied to 
plants as nutrients, There are millions of 
living cells in a plant and to construct and 
maintain them it has to obtain nutrients from 
the air and the soil 


Where plant nutrients come from 

The plant obtains carbon, hydrogen and 
oxygen from the air and from water. It then 
needs nitrogen (N) [1]. phosphorus (P) [2] 
and potassium (K) [3] as primary nutrients, 
with calcium (Ca), magnesium (Mg) and sul- 
phur (S) as secondary nutrients and a further 
group of trace elements that are called 
micronutrients because they exist in minute 
quantities. 

Some of the plant’s needs are met by the 
soil itself, But where the soil is naturally poor, 
or where the nutrients have been leached by 
heavy rain or removed by crops, fertilizers 
can be used to supply the necessary nourish- 
ment. Different crops have different needs 
and the type and amount of fertilizer has to 


Nitrogen fixation 


1 Nitrogen, the most 
important fertilizer 
undergoes a natural 
cycle, Together 
with its compounds 
itis involved in 
five basic processes: 
fixation of nitrogen 
trom the air by micro. 
organisms and by 


Nitrate vtitaation 
8 Ammoniticaton 


Ammonia nitntication 


Ammonia denitiication 


OMicro-organiams, 


Much removed Li 
in root and 
leaf crops 


Little 
removed in 
livestock 


‘Small amount 
denved from 
parent rock (silicates) 


Potassium 


3 Potassium is an 
essential plant 
nutrient. The quantity 
n circulation is more 
or less constant, 

losses being made up 
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by input from rock 
erosion. But when 
the plants are physi- 
cally removed as 
crops their potassium 
is lost to the land 


noved 
in seed crops 


be related to the type of soil and the require- 
ments of the crop 

Some legume crops, such as clover, can 
‘obtain nitrogen from the air by the process 
known as “nitrogen fixation”. But most 
plants need additional inorganic nitrogen and 
this element is the one most widely used in 
fertilizers: in some form or other it accounts 
for almost half of the world consumption of 
fertilizers. Phosphorus makes up another 30 
Per cent and potassium, the remaining 
Primary nutrient, accounts for the balance. In 
Fecent years world consumption of fertilizers 
[6] has totalled about 80 million tonnes, but it 
îs very unevenly distributed, Only 15 percent 
of this is used in agricultural areas such as 
China and India, which have to feed 70 per 
cent of the world's population. 


Natural and synthetic fertilizers 

In the past farmyard manure was the basis of 
good farming and it is still an important fer- 
tilizer today. Farmyard manure is the solid 
and liquid excreta of farm animals, usually 
left for a while in heaps to allow some rotting, 
Its value lies in both its organic content andin 


2 Phosphates are 
derived from granite 
rocks and can be 
removed by weather, 
or they can be mined 
and converted into 
fertilizers, Organic 
Sources of phosphate 
include guano (bird 
droppings) and fish 
waste. Phosphates in 
the soil are taken up 
by plants, which may 
be eaten by animals. 
They return to the 
soil in dead plants, 
dead animals and 
animal excretions, 
Much phosphat 
supplied in com- 
pound fertilizer, 


lightning: use by 
plants of nitrates 

in the soil to make 
proteins; ammonium 
compound production 
in decaying plant and 
animal matter; nitri 
fication of these to 
nitrites and then to 
nitrates; and de- 


nitrification of am- 
monium compounds 
back to nitrogen gi 
Nitrogen is removed 
from the soil when. 
ever man consumes 
food, but he replaces 
it by the addition 

of nitrogenous fer. 
tilizers to the soil. 


Much supplied 
as fertilizer 


Derived 
from 
seawater 


Hold fairly strongly 
in soi 


Little teaching, 
‘oxcopt in sand 


and needs to be 
replaced by artifi- 
cial means; and a The major sources of 
Soil that is nat potassium fertilizer 
urally deficient in are deposits of 
Potassium canbeen- potash salt (KCI). 


riched by the appli 
cation of fertilizer. 
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the nitrogen, phosphorus and potassium 
(with small amounts of magnesium and trace 
elements) it contains. The organic matter is 
beneficial to soil structure. 

Synthetic fertilizer is most commonly 
supplied as a powder or in granules but 
liquids or liquefied gases can also be used. 
Often it is supplied as a compound fertilizer 
(known as NPK) containing nitrogen, phos- 
phorus and potassium, in stated amounts, 
and many countries demand by law that 
composition should be guaranteed, When the 
artificial fertilizer contains only one nutrient 
it is called a straight or simple fertilizer 

Plants that are deficient in nutrients not 
only have smaller yields but also develop cer- 
tain characteristic symptoms. Deficiency in 
nitrogen results in poor plant health: small 
plants; small, often yellowish-green leaves 
and “scorched” lower leaves. Lack of phos- 
phorus may reveal itself in stunted growth. 
leaves purplish or bronzed at the edges, and 
in slow-ripening, misshapen fruits, Similarly, 
leaves with whitish or brown spots, scorched 
or dead leaves, weak stems and small fruits 
With splits or injured spots indicate an inade- 


Z a> inorganic phospt 
> Organic phosphat 


4 When nitrogen The graph shows that 
fertilizer is appliedto a given quantity of 
grassland the dry 


grass production in: 
creases as shown by 
this curve. Similar 
increases also 
occur with other 
fertilizers for all 
types of crops. 


crease on unfertilized 
or poorly fertilized 
land than on land 
already highly ferti 
lized; this illustrate: 
the law of diminishing 
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returns. It follows 
that giving fertilizer 

to underdeveloped 
nations is often better 
than giving them grain 
grown on highly ferti 
lized fields, since the 
fertilizer increases 
their crop yields more 
than the donor's, 


quate supply of potassium. These are only 
rough guides, for many plants have complex 
metabolic systems in which there may be 
interactions between an excess of one nu- 
trient and perhaps a deficiency of another. 
Physical conditions also play an important 
part in the growth of a plant and for correct 
assessment soil analysis is vital 

The United Nations Food and Agricul- 
ture Organization (FAQ) publishes figures 
relating crop yield to the use of fertilizer 
These are based on farm tests, as well as on 
research carried out in scientific stations, and 
include studies of the use of different sources 
of the same nutrient, In India, for example, 
the FAO has assessed the relative efficiencies 
of urea, ammonium sulphate, ammonium 
nitrate and calcium ammonium nitrate as 
sources of nitrogen, Similarly, different phos- 
phatic materials have been compared as have 
other important factors such as plant var- 
ieties, plant populations, sowing time and use 
of irrigation, which interact with fertilizer 
treatments and affect the response of crops 
Overall, the FAO, after many years’ research, 
reports an average increase of $8 per cent for 


5 An aircratt flos 
low to distribute 
fertilizer over New 
Zealand farmland, 
The use of aircraft 

In agriculture is 
especially advanced 
in New Zealand 
where hilly pastures 
need fertilizer in 
order to produce more 
grass for livestock. 
Aerial top-dressing 
is a quick and 
efficient method of 
spreading fertilizer 
over hilly or exten- 
sive areas where 
distribution in more 
conventional ways 
would be difficult 
and costly. The 
fertilizer is loaded 
mechanically into 


6 The deposits of 
fertilizer minerals ~ 
phosphates [yellow], 
potash [blue] and 
sulphur [red] ~ ore 
unevenly distributed. 
The major phosphate 
producers are the 
USA, the USSR 

and Morocco. The 
‘major potash pro 
ducers are again the 
USA andthe 

USSR closely tol- 
lowed by West and 
East Germany and 
France. Natu 
nitrates have been 
Superseded since 
1914 by chemically 
produced nitrates 
that use atmos: 
pheric nitrogen. 
The process re- 
quires sulphuric 
acid and the latter's 
raw material is 
sulphur. The world’ 
major sulphur pr 
ducers are Canada, 
France, the USA, the 
USSR and Japan, 


The plane 
flown low over the 
distribution area 

and the pilot releases 
the fertilizer, which 
spreads evenly in 
controlled amounts. 
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all crops using fertilizers and suggests that 
many crops could show even higher rises, 
Fentilizers-also improve the yield per unit of 
water supplied - an important consideration 
in vast areas of the world where water is in 
short supply. 

In the humid tropics the soil tends to be 
acidic, Where this is excessive, lime is added 
to reduce the acidity rather than correct a 
deficiency. Ground limestone is one of the 
most effective and cheapest materials that 
can be applied for this purpose. 


Plant hormones and plant growth 

The growth of plants can also be greatly influ- 
enced by applying materials known as plant 
hormones [7] or plant growth regulators, 
Used in very small amounts plant hormones 
promote, inhibit or modify the physiological 
processes within the plant and include auxins, 
kinins, gibberellins and abscisins. Compared 
fertilizers they are relatively little used, 
although they are the subject of considerable 
research. They can all be produced artificially 
and their main arcas of application are to 
fruit, vegetables and cereals 


The effect of ferti- 
fizer is evident in 
the growth rates of 


these kale plants. The 


‘one on the left has 


been tr 


d with a 
nitrogen fertilizer. The 


other plant has the 


stunted growth and 


discoloured I 


vos 


common in plants 
lacking nitrogen. For 
healthy growth, plants 
noad ten basic kinds 
of food. Carbon, 
hydrogen and oxygen 
are provided by air 
and water. Iron, mag 
nesium and sulphur 
are usually in the 


Untreated 


soll. The other four 
important elements, 
nitrogen, phosphorus, 
potassium and 
calcium, may be in the 
soil ~ or may need to 
be added as fertilizer 
in the form of 
minerals, manure or 
man-made chemicals. 


7 Plant hormones sre 
chemicals that 

occur naturally in 
very small amounts 
in plants, where the 
control growth, They 
ore used extensively 
in crop production 
Their effect on plant 
celis and the uses to 
Which they are put 
are shown her 
Auxins [A] aid cell 
division and elonga: 
tion and are used to 
stimulate fruiting 
Ethylene |B] is a gas 
that acts as a hor- 
mone ripening fruit 
by partial breakdown 
of the cell wall, Gib 
berellins |C] make 
cells longer and are 
used to improve fruit 
quantity, Cytokinins 
1D} maintain nutrient 
levels in cells and 
help to preserve cut 
blooms, Chloro- 
choline chloride [E] 
inhibits cell elongation 
and causes dwarfism. 


Protecting crops 


Pests and diseases are estimated to destroy 
up to one-third of the world’s agricultural 
harvests each year. Crops can be ravaged at 
any stage during growth. reaping and storage 
The problem is most severe in the developing 
countries. For example, the Australian yield 
of rice is 6.44 tonnes per hectare, while in 
India the yield averages only about 1.62 
tonnes per hectare, (In some African coun- 
tries the corresponding figure falls as low as 
0.5 tonnes.) Although there are many 
reasons for these substantial differences in 
yield, the infestation of crops by insects, 
other pests and diseases and the competition 
for vital nutrients by weeds and useless 
grasses are major contributing factors, 


Increasing food production 
In agriculture a pest is any organism that 
damages or destroys plants useful to man and 
the term is taken to apply to harmful insects, 
mammals and birds, Crops also suffer from 
micro-organisms that cause disease and com- 
peting wild plants or weeds, 

‘The important groups of pesticides are 
insecticides, fungicides and nematicides - for 


1 Aphids per bean stem 
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1 Productivity and 
yield of cultivated 
crops are reduced by 


will multiply atan 
increasing rate 
during the summer 
months. The number 
on a stem may rise 
from about 200 early 
in June to 2,000 by 
the end of July, 
But if the aphids 

are troated in mid- 


insect pes 
They lower plant 

vigour and may prove 
fatal, For example, 

if black bean aphids 


4 Spraying flowering 
crops with contact 
poisons ~ which act 
as their name indi- 
by contact 
with susceptible in- 
cts ~ during the 

lis all in- 
including 
bees which pollinate 
the flowers. Ifthe 
‘same poison is 
sprayed in the even- 


the pests such as 
the codling moths 
[A] and caterpillars 
[B] are killed. The 
poison is made of a 
chemical that decom- 
poses in a few hours. 
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the eclworms which are microscopic 
nematodes feeding on plant roots. Her- 
bicides are chemicals used for weed control. 
In tropical and subtropical areas of the world 
it is the insecticides that tend to be more 
important. But in the USA (which uses as 
much agricultural chemicals as the rest of the 
world together) herbicides are more widely 
applied than pesticides. 

The amounts of pesticide needed over a 
unit area are small and they are usually 
applied diluted from commercial formula- 
tions by spraying and dusting. Alongside 
improvements in fertilizer use, farming 
techniques and development of better crop 
varieties, pesticides and herbicides have 
helped to increase food production and bene- 
fited food storage, forestry and gardening. 

Although chemical insecticides had been 
used earlier, it was the discovery of the 
Insecticidal properties of DDT in 1939 that 
marked the dramatic growth of the use of 
synthetic organic pesticides. One of the most 
remarkable examples of enormous gains in 
yield brought about by an intense and sus- 
tained campaign of pest control is provided 


2 
= ‘| 


June the numbers de 
crease sharply from 
nearly 400 to less 
than 100 per bean 
stem. Crop yield 
rises steeply 
Each further 
hundred aphid: 
destroyed give an 
increasing benefit, 


by Japan. At the end of World War I, 
Japanese rice output was a little over 1.6 
tonnes per hectare. Since then rice cultiva- 
tion has been transformed into high yield, 
high quality production giving an average 
output of almost 6 tonnes per hectare 


Harmful side-effects 

Chemical pesticides, despite their great 
benefits, have their drawbacks. In some cases 
insecticides have become less potent because 
the insects developed resistance to their 
effects [2]. In other cases the insecticide has 
affected the animal enemies of the harmful 
insects with the result that the insects have 
actually multiplied in number. A further pos- 
sible harmful effect occurs when a persistent 
pesticide is eaten by a predator as it consumes 
its prey and then is eaten in turn by the animal 
preying on that predator. In this way the 
pesticide passes up the food chain [3] and 
may accumulate dangerously in the higher 
animals — including man, Emphasis is now 
shifting from developing more effective 
methods of purely chemical control to so- 
called integrated approaches which attempt 


E 


BBs scopote nie 


3 Persistent pest- 
leides are concen- 
trated up the food 
chain until they 
reach lethal doses 
for large predators. 
Hawks poisoned by 
DDT fail to repro- 
duce. A possible 
pathway of DDT to 


sistant ties 


2 Resistance to 


velop through se 
eral generations by 
natural selection. 
[Al If a house-tly 
population is treat 
ed with insecticide, 
afew individuals 
may be resistant to 
normal concen- 
trations and th 
will survive. [B] 
Inthe second gen- 
eration there will 
be a much highor 
proportion of re- 
sistant flies, do- 
scended from the 
survivors of ti 
ion of 
IC, D) 
Resistant and sus- 


~ll 
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Misuse ol ine nd 
Paiutian or 
Orgar 


hawks [D] occurs 
by way of aphids 
IA], ladybirds [B] 
and whitethroats [C] 
Dieldrin, used for 
protecting seeds, 


g 
birds [E, G] and the; 
predators, badg 
ÍF] and hawks [H] 


ceptible flies may 
reproduce with equal 
efficiency, but the 
Proportion of re 
tant flies i S 
with each generation 
exposed to insec- 
ticide. Eventually an 
almost completely 
ion 
may be produced. 


5 Systemic insecti- 
cides are chemicals 
that have the 
remarkable prop- 
erties of being 
harmless to plants 


ivorous insects 
that feed onthe 
plants and harm- 
less to their pre- 


dators. These in- 
secticides, sprayed 
on leaves or soil, 
are absorbed by the 
plants, then act as 
stomach poiso! 
sts such as the 
aphids [B] which are 
sap suckers but 
leave ladybirds [A], 
which prey on the 
aphids, unharmed. 


to combine profitable production with 
minimum disturbance of the environment 
This environment is not, of course. the orig- 
inal ecological system but the landscape as 
altered by man for producing agricultural and 
forest crops (the “agro-eco-system"), 
Government laboratories in many coun: 
tries have been reappraising methods of pest 
The UK Ministry of Agriculture 
Fisheries and Food issues lists of products 
approved for use in agriculture and food 
storage, and of those for use in gardens, 
Jointly with the manufacturers, it has com 
piled a code of conduct to guide farmers, 
agricultural advisers and conservationists, 


control 


“Biological” controls 
In the fight against insect pests there are now 
several methods which, unlike large-scale 
chemical spraying, lead to minimal environ. 
mental damage. These include biological 
control, sterilization, the use of pheromones. 
traps and “antifeedants 

Biological control makes use of the pest’s 
natural enemies to regulate its population 
density. Sterilization of males is done by 


Ginsecttraps play € 
an important role in 
pest control. One 
Successful type uses 
a synthetic form of a 
sox attractant or 
pheromone which 
can be dispersed 
in a water-filled 
container over. 
spread by a film 

of oil. Attracted by 
the scent, which is 
the same as that 
produced by a female, 
the male homes in 
on the trap and is 
drowned, These 
traps have given 
excellent results in 
African rice fields. 


radiation or by exposure to “'chemosteril 
ants”; when the captive males are released 
and mate with the females the resulting eggs 
are infertile, Pheromones are “sex attract 
ants” produced by females to enable the 
males to locate them. When certain specific 
pheromones are artificially released, in small 
quantities. the males can be disoriented 

thus preventing the mecting of the sexes. 
Pheromones are also used to bait traps [6] 
Some traps use light or other baits to lure the 
insects, Others prevent their escape or kill 
them by poisoning or irradiation. Anti- 
feedants are synthetic chemicals that cause 
insects to remain on treated foliage without 
feeding. They eventually die from exposure 
predation or starvation. Vertebrate pests 

rodents, foxes, rabbits and birds - pose some 
of the most difficult problems. Poisons have 
been used extensively, but they can be 


dangerous, expensive and harmful to the 
environment. The introduction of predators 
brings its own problems because some pests 
keep down other pests; in North America. for 
example, coyotes, although pests, help to 
keep down the mouse population 


are 
produced by viruses, 
fungi and bacteria. 
Virus infoctions are 
the most difficult 

to treat, They are 
often spread by 
insects and preven- 
tion consists in 
destroying both the 
infected plants and 
the insect carriers 
Tobacco mosaic 
Virus (TMV) infects 
tobacco and tomatoes 
[A]. It also attacks 

the leaves and fruit 

of many other plants 
and causes a drop in 
production. TMV ìs 
extremely contagious 
and is carried on 

the fingers and 


clothes of growers. 
Bacterial and fungal 
diseases will respond 
to chemicals. 
Bacterial infections 
cause galls, wilts, 
spots and rot. The 
halo blight of beans 
and peas [C] is 
caused by a 

fungal infection; 

it causes the pods 

to spot and rot. 

Fungi are responsible 
for the greatest 
number of plant dis- 
eases. Downy mildew 
(Bremia lactucae) [B] 
is a common fungus 
disease of lettuces. 
Itis controlled by 
regular applications 
of fungicide, 


Field tests are car 
ried out to estab 

lish the value of 
proposed treatments 
in protecting crops 
against various 
kinds of pests. 

A section of a field 
had been treated 
with a selective weed: 


7 Traps are widely 
used for destroying 
mammal pests, which 
range from elephants 
to rodents, Traps 
are either bait 
tripped or tripped 

as they are walked 
‘on or through. The 
tong type [A] is a 
spring-loaded mole 
trap with, jaws which 
are placed across the 
mole run. The Fenn 
trap [8] is a walk 
ontrap for grey 
squirrels, stoats, 
weasels, rats, mice 
and other smali ro: 
dents. It is intended 
to be a humane 

trap, which will kill 
the victim instantly, 
The snare [C] is an 
ancient trap 

design used to catch 
animals from ante 
lopes down to birds. 
Itis used not only 
for pest contro! but 
also by hunters and 
poachers, 
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killer of the DNBP 
type to control 
yellow charlock in 
peas. Different 
selective weed- 
killers are used at 
various stages of 
the growth of the 
plant for best ef 
fects. For example, 


the triazine group 
of weed-killers are 
applied before the 
peas are through the 
surface of the soil, 
while DNBP - which 
kills broad-leaved 
weeds ~is used when 
the peas are 5em (2 
in} to 8em (3in) tall 


9 Physiological pro- 
cesses within plants 
can be affected by 
organic compounds 
other than nutrients. 
Some of these are 
herbicides akin to 
auxins, the so-called 
plant “hormones”. if 
these are sprayed on 
they produce uncon: 
trolled growth and, 
eventually, death, 
Their toxicity de- 
pends on how readily 
they are absorbed 
and also on the 
plant's stage of de 
velopment. Broad- 
Jeaved plants absorb 
more readily than 
narrow-leaved cere- 
als. [A] MCPA 

spray is applied to 
broad-leaved weeds 
[1] and to spring oats 
between the 3-leaf 
stage [2] and the 
beginning of joint: 
ing (3). Results [B] 
show that the spring 
oats are unaffected 
but all the weeds 
have died. 
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Organic farming 


On an organic farm the farmer raises crops 
naturally, without using the inorganic fer- 
tilizers and chemical sprays that have 
revolutionized farming throughout the 
developed countries of the world. An organic 
farmer feeds the soil naturally and so pro- 
vides the energy to feed the plant life [5]. He 
uses, therefore, only manures that he is able 
to produce, while conventional farmers 
depend on finite resources of minerals and 
fuels for inorganic fertilizers and pesticides. 


Conserving nature's balance 
Organic farmers seek to avoid disturbing the 
balance of nature and they also fear the 
effects of pesticide residues in human food. 
Spraying against pests may be successful in 
the short term but the practice has been 
known to upset the balance of insect life. 
Farmers cannot be divided into two 
rigidly distinct camps — organic and conven- 
tional. While most organic farmers follow the 
same basic principles of ley farming (crop 
growing and pastures in alternate periods), 
sub-soiling and shallow cultivations, com- 
Posting and a high level of self-sufficiency, 


1 Soil fertility on an 
organie farm is main- 
tained by rotation of 
crops. Legumes [A] 
fix soil nitrogen, 
Manure is spread on 
the stubble [B] after 
harvest. Micro- 

organisms reduce this 
compost and turn it 


and 150 parts of 
potassium (red), 
as shown above 
Organic farmers 
claim that when these 
are added inorgani 
cally the conventional 
farmer is oversimpli- 
fying nature, Clover 
planted in pastur 


into topsoil. A [E] increases nitro- 
tonne of barley [C] gen in the soil. 

fed to livestock can Cattle [F] graze on 
yield as much as 20kg and manure pastures. 
(44b) of nitrogen, Pigs [G], hens [H], 


Excreta of livestock 
returns nutrients [D] 
extracted by growing 
crops. Excreta con- 
tains a proportion of 


shoop [I] all contrib- 
ute to the farm's self- 
sufficiency, Wheat 
[J] and barley [K] 
tood livestock in 


120 parts of nitrogen winter and provide 
Ibluelto45 parts of grain for milling 
Phosphorus (whitel and for malting 
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some of them have adopted varying levels of 
modern chemical technology. Many use 
chemical weed-killers to replace the hoe 
because farm labour is scarce. Manpower is 
one thing the organic farmer cannot do 
without; his manuring demands more time 
and effort than for spreading fertilizer. 

The organic farm functions best if the 
farmer has a mixed system [1] with livestock 
grazing grass and other “break” crops (those 
that allow the soil a “break” or rest from 
cereal cropping) supplying manure [4] and 
slurry in place of bagged fertilizer. Stockless 
organic farming is possible but the crop rota- 
tions [2] need skilful planning, making use of 
legume crops such as peas and beans, 


Looking after the soil 


A mixed farmer is more self-sufficient than a 
specialist, For example, unlike many pig and 
Poultry producers, he has a use for manure; 
he spreads it back on the land. 

Care of the soil is the cornerstone of 
organic farming. Soil animals and micro- 
organisms improve soil structure, release 
plant nutrients and are claimed by some to 


combat soil-borne disease. To keep these soil 
workers active, the farmer supplies organic 
manures and cultivates carefully to maintain 
them in the top 10-20cm (4~8in) of soil 
where most fertility-building work is done. 
Deep-rooting herbal leys bring up a broad 
spectrum of nutrients from the lower soil 
levels. They give nutritious food for stock and 
improve soil structure. When the leys are 
ploughed up they provide large quantities of 
organic matter. A five-year deep-rooting ley 
may generate enough organic material to 
grow about three cereal crops without adding 
chemical fertilizers, 

Lower crop yields are obtained on 
organic farms compared to those where 
chemical fertilizers are used, and some 
organic farmers purchase manure from out- 
side to boost their productivity [3]. Arable 
crops (those that entail ploughing and 
planting) encourages weeds, and the refusal 
to treat these with chemical weed-killers pre- 
vents the adoption of a crop rotation with a 
predominance of arable crops — another 
reason for the comparatively low production. 

Some crops are risky on organic farms. 


2 An organic farmer 
rotates his crops 
according to whether 
or not his farm is 


based on a thri 
or four-year deep- 
rooting ley, grazed 
by at least two 
kinds of livestock 
whose various graz- 
ing habits help build 
fertility. Ley mix 
tures on an organic 
farm include a wide 
variety of grasses, 
clovers and deep: 
rooting herbs such 
as chicory and 
yarrow. Often a ley 
is followed by two 
or three years of 


practi 
needs of the soil 
and to the weather 
conditions, Organic 
farming is best 
suited to a mixed 
farm sy 
stock manure 
d on the arable 
ields as natural 
organie fertilizer 
In practice, to ob- 
tain reasonable cereal crops. Vari- 
yields the organic ations on this ro 
farmer usually has tation may be a 
to buy in extra oats and 
manure. A rotation barley sequence with 
system is normally a break crop of a 
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See aiso 
Protecling crops 


legume such as field 
beans. In the dia- 
gram the rotation is 
for a six-year cycle 
that is then repeated. It 
iso use green 
manure crops such as 
rape and mustard and 
green crops grown 
between cereal crops. 
Batore manufactured 
fertilizers wore pro- 
vided. farmers had 

to follow a rotation, 

In the Middle Ages, 
many followed a 
three-year rotation 

of autumn-sown 
cereal, spring-sown 
cereal or legume, 

and a year’s fallow 

to allow the land 

time to recover 


Unsprayed potatoes may succumb to blight, 
sugar beet to virus yellows and beans to 
aphids. But with cereals and fodder crops a 
healthy spontaneous ecological balance may 
be obtained through “unforced” growth and 
a healthy soil micro-organism population, 


Down on the organic farm 
Organic farmers plan their holdings in var- 
ious ways [2]. A farmer with a mixed farm of 
80 hectares (200 acres), for example, may 
employ a team of five workers (three of them 
part-time). The lower yields are compen- 
sated by the savings on fertilizers and pes 
ticides, although this means more work 

The farmer's herd of 30 Jersey cows 
gives top-class milk and grazes rich past- 
ures containing clovers that “fix” atmos 
pheric nitrogen, Following the cattle, 20 ewes 
and their lambs graze the pastures and 
replenish them with their droppings. The 
livestock includes 200 free-range hens and 
some pigs 

On the farm there are nine hectares (20 
acres) of milling wheat, grown after beans. 


The beans, being legumes, enrich the soil 


with nitrogen. They yield 3,200 to 3,800kg 
per hectare (25 to 30ewt an acre) and are fed 
to the cattle. The wheat yields 4,800 to 
5,000kg per hectare (38 to 40cwt an acre) 
Wheat is followed in rotation by oats which 
are fed to the stock, and the next crop is 
barley for malting. The barley yields 4,500kg 
per hectare (3Sewt an acre) 

The farm has 3.2 hectares (8 acres) of 
woodland, plus ponds, thickets and hedges 
which harbour pest predators and pests, thus 
helping to provide a wider natural habitat for 
insects and wild plants. The farm also grows 
mangels and hay and all stock feed is home 
grown; only salt blocks are bought in. The 
farm almost meets the organic farmer's ideal 
of self-sufficiency and therefore outside 
economic pressures are kept to a minimum. 

Farming organically can relieve the 
demand on the dwindling stocks of chemical 
fertilizer raw materials (including energy) 
and reduce the environmental problems 
created by many fertilizers and pesticides. 
However, more research is needed before 
food can be produced organically on the 
same scale as modern conventional farming. 


Key 


Muck spreading is a 
vital operation on 
most organic farms 
Manure returns to 
the soil some of the 


nutrients extracted 
by crops. Soils must 
have sufficient nitro: 
gen, phosphorus and 
potassium, and have 


4 Manure is com- 
posted by ferment 
ation when dung is 
mixed with surplus 
straw and vegetable 
matter, The compost 
heap is well watered 
and is turned several 
times to ensure 
thorough mixing 


5 Organic farmers 
feed the soil which 
then feeds its plant 
life. The farmer 

may leave his land 
under grass for many 
years [A], allowing 
earthworms and 
bacteria to improve 
the soil structure. 

He may plough in 
green manure crops 
[B] such as rape [1], 
mustard [2] and lupins 
[3]. The soil animais 
break it down into 
humus, enriching the 
topsoil. Animal 
manure, mixed with 
chopped straw saved 
from cereal crops 
IC}, can also be 
spread on the surface. 


Terai] 


smaller amounts of 
calcium, magnesium, 
sulphur and sodium, 
and traces of copper, 
zine and boron. 


3 The lower pro- 
ductivity of an or 
ganic farm may be off. 
Bot by the savings on 
chemical products. A 
typical conventional 
farm [A] consists of 
240 hectares (600 
acres) of which one: 
third is in cereals, 
producing 5,000kg/ 
hectare (40cwt/acre) 
wheat and 4,500kg/ 
hectare (35cwt/acre) 
barley, The farm has 
400 cows, at a density 
of 0.4 hectares (one 
acre) per cow pro: 
ducing 5,500 litres 
(1,200 gal) of milk daily, 
An organic farm of 
the same size [B] can 
Support 500 cows, but 
at the lower density 
of 0.42 hectare (1.05 
acres) per cow, pro- 
ducing 4,800 litros 
(1,050 gal) of milk 
4,500kg/ha (35cwt/acro) 
wheat and 4,700kg/ha 
(38cwt/acre) oats 

are produced, 
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Plant genetic resources 


Since the earliest days of agriculture man has 
been trying to breed better food plants for 
himself and his domestic animals. For 
thousands of years he did this simply by 
saving seed from the best plants of the har- 
vest. Only in the twentieth century has this 
mass selection been supplemented with 
planned breeding programmes, 


Genes and their actions 
The success of scientific plant breeding has 
depended largely on a knowledge of the 
inheritance of characters. The unit of inheri- 
tance is now accepted as the gene; every plant 
(and animal) cell possesses vast numbers of 
genes grouped together on chromosomes and 
made of the chemical deoxyribonucleic acid 
(DNA). It is on the plant's genetic make-up 
(genotype) that its mature appearance 
depends and the environment modifies the 
‘maximum potential of the genotype 

There are so many genes in each plant 
that the potential variability in the 


characteristics conveyed from parents to 
offspring is enormous. The science of tapping 
this potential is still in its infancy, however. as 


3Genebanksarebe- 3 
ing established in 

many countries to pre- 
serve basic material 
for breeders. For a 
simple cereal cross- 
ing, inbred strains 

(A and B] are tested 
for hybridization 

IC] and stored in 
controlled conditions 
ID). They are studied 
periodically and 

if germination falls 
below 95 
they are re-crossed 
to renew the 

stock. Parent ma- 
terial for crossing is 
maintained by 
growing to maturity 
inbred strains 

from cuttings |E). 
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is success in using plant genetic resources to 
produce a “green revolution". Simple selec- 
tion is often not possible and new varieties 
depend as much on agricultural practice as on 
the geneticist [2, 4] 

The aims of modern plant-breeding 
schemes almost invariably include an 
increase in yield. The plant breeder may also 
wish to improve such genetically determined 
characteristics as nutritional value, the time it 
takes the plant to mature, resistance to dis- 
ease and tolerance of unfavourable climates 
[Key]. Or he may aim for crops that grow to 
the same height and mature at the same time 
so as to be harvested mechanically 


The plant-breeding programme 
In nature plants usually change through 
alterations in their genetic material, called 
mutations, or through th sing or 
hybridization of different species or varieties, 
as happened with wheat [1]. Modern plant 
breeding is largely based planned 
hybridization combined with rigorous sel 
tion in an attempt to speed up evolution. 
Experiments to evaluate the respective 


cr 


on 


lec- 


1 Man's daily bread 2 
is based on the ac- 

cidental hybridi 
tion of wild grasses 
in the Near East more 
than 10,000 years ago. 
The wild wheat (Tri. 
ticum monococcum) 


1], and goat grass 
(Aepiops speltoides) D io 
[2], both with 14 wnn 
chromosomes, had d Actus 
natural mechanisms tonne 


that enabled their 
seeds to be scattered 
by the wind before 
harvest. A fertile 
hybrid between them 
was Emmer (T. dicoc- 
coides) [3], which 
found its way into 
cultivation, although 
the seeds were quite 
easily airborne. A 
second genetic acci. 
dent involved Emmer 
and the goat grass A 
squarrosa [4], resulting 
in a full-eared bread 
wheat (T. aestivum) 
15], with 42 chromo- 
somes. The natural 

ed- dispersal mech. 


hybrids (from which 
modern wheats de- 
rive) to sfop the grain 
from dropping off the 
ears before harvest- 
ing. The hybrids’ sur- 
vival and spread were 
entirely man’s work 


influences of genes and environment are usu- 
ally the starting-point of the plant-breeding 
programme. The characteristics easiest to 
assess are those that are governed by one or a 
few major genes, such as the dwarf stature of 
beans. Characteristics determined by the 
cumulative actions of many genes are harder 
to study and control experimentally 
Individual plants selected for the pro- 
gramme are used as parents in controlled 
mating schemes. The schemes depend on the 
type of fertilization or pollination mechanism 
that is employed. Wheat, rice, tomatoes. 
beans, peas and many other important crop 
plants are self-pollinated; that is, the pollen 
that fertilizes the ovule to give rise to seed 
comes from a flower on the same plant. In 
self-pollinating species the pollen and ovule 
share many common genes and their 
offspring are said to breed true. True- 
breeding plants are easy to control; individ- 
uals in a crop are uniform in size and quality 
Cross-pollinated or outbreeding crop 
plants, in which pollen and ovule are from 
different parents, include maize, clover and 
cabbage. Although these plants rarely breed 
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CONNECTIONS: 
See aiso 


2 Average farm yields 
still lag along way 
behind the genetic 
potential of exist 

ing plant varieties, 

even in the most ad: 
vanced agricultural 
areas. It has been 
calculated that in 
northwest Europe 

wheat could, under 
Ideal conditions, 
yield up to 15 tonnes 
per hectare, barley 
Nearly 14 tonnes and 
potatoes 95 tonnes, 
The average yields 
for EEC countries in 
1974 were: wheat 4.02 
tonnes, barley 3.97 
tonnes and potatos 
28.3. Under experi- 
mental plot condi 
tions, potato yields 
near to the potential 
have boen obtained, 
but the highest 

cereal yields so far 
on a field scale are 
little more than two: 
thirds of the potential, 
Achievement of this 


and balanced provi 
sion of fertilizer, 
absence of di 
and of competition 
from weeds and the 
right balance of sun 
and moisture to suit 
the type of crop, 


“1 = 


true, their first generation of offspring, 
known as F, hybrids, show particular vigour 
and uniformity compared with their parents. 
Increasing commercial use is being made of 
this so-called hybrid vigour, especially with 
maize, in which hybridization is relatively 
easy to control because the male and female 
flowers are on different parts of the plant. In 
cross-pollinated species the production of 
hybrid varieties and mass selection are the 
two most important methods of plant breed- 
ing. Cross-pollination may also be used to 
hybridize different varieties whose genetic 
make-ups go well together, thus producing 
synthetic” varieties 

In self-pollinated species mass selection 
has largely been replaced by pure-line selec- 
tion and hybridization. In pure-line selection, 
which is chiefly used in the development of 
new crop species, plants with desirable 
characteristics are selected to produce 
offspring and these progeny allowed to self- 
pollinate for several generations. 

Hybridization in self-pollinating plants 
initially involves the selection of parent stock 
and their cross-pollination. Each of the 


By traditional methods 
[A] diverse crop 
strains were sown 
and fertilizer used 
modestly; some crops 
were aftected by dis- 

e and tall plants 


4 “Green revolutions’ 
depend for success on 
more than simply 
introducing improved 
seed and farming 
techniques, as in 

this illustration. 


chosen parents usually possesses desirable 
characteristics lacked by the other. The 
progeny of the cross form the F, generation 
and the best F, plants are similarly paired off 
(out crossed) to produce an F; generation 
The plants of the F, and succeeding genera 
tions are generally allowed to self-pollinate 
and it may take until F,, generation for really 
excellent plants to arise. 

Throughout a plant-breeding programme 
meticulous records must be kept and plants 
tested in trials against other varieties in a 
wide range of conditions, From many 
thousands of crossings only one new line is 
likely to survive to the F,, stage 


Hopes for the future 
Current research and breeding programmes 
have many aims but one of the most impor- 
tant is the increased and improved breeding 
of protein-rich soya, a tropical species, in 
temperate areas. Other research is directed 
towards the development of a greater range 
of plants able to fix nitrogen from the air and 
incorporate it into proteins. The only plants 
able to do this naturally are legumes. 


lized and sprayed for 
pests and diseases. 
Low-growing plants 
stand well to a full 
harvest, Yields are 
doubled, but the 
situation does not 


could be blown over 
before harvest. Final 
yields were just ai 
quate. At B a new 
selected strain has 
taken over. It has 

been heavily førti 


KEY 


Semi-dwart wheat dwarf wheats bred 
such as the Cam in Japan and Mexico 
bridge-bred Maris with European var- 
Fundin is the result of ieties. The short 


crossing high-yield stalks of these var. 


last, Eventually the 
continuation of this 
treatment |C] allows 
new strains of disease- 
producing organisms 
to flourish and kill the 
crop. Soil may also 


build up. Bad-w 
Yields drop below 
the original aver- 

age [A]. Local trials 
are essential before 


ieties help them to 
withstand storms of 
wind and heavy rain 
just before the 

crop is harvested 


new varieties bacome 
dominant. Even in ad 
vanced farming areas 
no one variety should 
take more than one- 
third of the area 
planted in that crop. 
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Plant propagation 


Flowering plants reproduce themselves by 
means of seeds and many, in addition, by 
Vegetative means that bypass the normal 
sexual process. Given the appropriate 
stimulus, plant tissues, apparently specialized 
by virtue of their position and function, can 
change their character. Stem tissue or even 
leaves, for instance, may develop roots and 
this adaptability has long been exploited by 
man. Some wild species spread as much by 
Vegetative means as by seed. Examples 
include such troublesome weeds as couch 
grass (Agropyron repens) and ground elder 
(Aegopodium podagraria), which form new 
plants at the joints of underground rhizomes. 
Such monocotyledons as tiger lily (Lilium tig- 
rinum) form bulbils in the axils of their 
leaves, or—like some onions (Allium sp) -in 
place of a normal flower head. 


Growing from clones 

A group of plants can be grown vegetatively 
from a single specimen, Such a group is 
genetically homogeneous and is called a 
clone. Every named potato, apple or rose is a 
continuation from the original plant, which 


1 Dicotyledons, such 
as the bean [A], 
two seed leaves 
food stores for the 
embryo that 
at their junction, 

In the ground these 
cells divide, split- 
ting the seed coat 
IB] and begin to dit 


ferentiate into 
ve shoot and root. The 
shoot grows to the 


while the root grows 
down. AtC the 
root has developed 
rootlets for anchor- 
age and nourishment. 


such as maize [A] 
have only one internal 
food body from which 
the single cotyledon 
(seed leat) feeds, 

A single shoot de- 
velops [B, C] but the 
cotyledon remains 
below ground 


perennials, such as 
phlox, multiply when 
the roots are cut in 
two and planted out, 


5 Seed potatoes are 
planted out cut into 
each con- 
ast one eye. 


tain at 


8 Strawberries and 9 Blackberries will 
some related species root naturally where 
spread and propagate trailing or damaged 
mainly by runners shoots touch the 
(specialized stems each soil surface, Gard 


carrying a miniature er 
plant at its end). 
Nourished at first 

by a parent plant, 
runners later form 
roots of their own for 
independent growth. 


sist the pro- 

cess by weighting 
down the shoot or 
pegging its tip into 

a pot of prepared 

soil. Loganberries 
multiply the same way. 
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began as a hybrid seed. A hybrid may not be 
able to produce fertile seed itself; but even if 
it can, a clone (developed by grafting or bud- 
ding) is less variable and more predictable 
than its parents. Grafted shrubs and trees can 
be brought to maturity more quickly than 
seedlings. 

A potato tuber consists of a large mass of 
food storage cells, with cells adapted to 
growth just below the skin at the “eyes”. Any 
small piece containing an “eye" is capable of 
developing into a new plant [5]. In fact botan- 
ists have produced new plants from micro- 
scopic cell material taken from the extreme 
point of a growing shoot. These cells will be 
free from any virus that may be present in the 
rest of the plant and can be grown on to 
develop a virus-free clone. Many crops have 
been improved by this method, notably the 
King Edward variety of potato 

Stem cuttings are a convenient way of 
multiplying many ornamental species, timber 
trees (such as willows and poplars) and 
shrubs [17]. The process of rooting is accelera- 
ted by the use of synthetic plant hormones, 
which encourage a change in the function of 


the cells, Leaf cuttings are used to multiply 
species of gloxinia and of those begonias [21] 
grown for their decorative foliage. If the gar- 
dener removes the midrib of the leaf and fixes 
the leaf to a suitably moist base, new plants 
develop at the inner ends of the cross-ribs, 

The family Rosaceae, to which much of 
our fruit belongs, lends itself well to vegeta- 
tive multiplication, Strawberries [8] throw 
out runners from which new plants develop. 
In the genus Rubus, raspberries (R. idaeus) 
spread by way of underground rhizomes 
Blackberries (R. fruticosus and sub-species) 
and their hybrid the loganberry, which are 
climbing plants, will root wherever a trailing 
stem touches the ground: the deliberate 
encouragement of this form of growth is 
known as layering [9] 


Growing from grafts 
Tree fruits of the rose order (apples, pears, 
plums, peaches, apricots and cherries) 


develop quite freely from seed but the seed- 
lings vary in quality. Practically all those in 
cultivation are clones ~ often of a chance 
seedling, such as Cox's Orange Pippin, A 


CONNECTIONS 
See aiso 


2 French beans grow- 
ing ina garden 
are cultivated in 


a hoe and in these 
are sown bean seeds 
at regular interv: 
with a few res 
atthe end of the 
row. When the plants 
‘emerge they are 
given support at the 
sido, for their grow: 
ing period, as 
on the right. Some 
like peas, are 


naturally with the 
tance of insects. 


The bulbs of the 
daffodil (Narcissus sp) 
develop round thos 


They may be removed 
and planted separ- 
ately, For commer. 
cial multiplication 
they are lifted after 
two years in the field, 


7 German irises form 
a mass of rhizomes 
near ground level. To 
grow them best these 
should be broken up 
after flowering and 
ted singly 
include both 
rhizomatous and 
bulbous species, 


1110 Strawberries may 


be multiplied simply 
by pegging their 

runners into 
pot 
Well-grown young 
plants may be lifted 
when rooted and re 
planted without re- 
moval from the pots. 


11 Air-layering is 
used for some climb- 
ing plants whose 
stems produce roots 
for support. The 
stem is nicked [A] 
and the slit [B] kept 
open. When roots [C] 
torm they are wrap- 
ped in a peat-based 
medium (D-F] until 
they grow stronger. 
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nurseryman grafts a cutting on to a young 
tree of the same or closely allied species. The 
type of stock he uses will often determine the 
rate of growth and the size of the mature tree 
or bush. In making a graft it is essential to 
align the cambium layer (a thin layer of stem 
tissue-forming cells) under the bark of both 
scion (the new plant material) and stock (the 
host plant), since it is the active cambial tissue 
that fuses and that is subsequently respon- 
sible for the “in step" production of wate 
and nutrient-conducting tissues [16]. The 
scion is normally a short length of twig of the 
desired type, trimmed to fit exactly into the 
Prepared stock. The practice of grafting trees 
and shrubs has a long history, dating back to 
classical times, when it was used particularly 
for propagating vines. 


Propagating roses 

Budding, as practised with roses, is a variant 
of the same technique [12]. A bud of the 
desired clone, with a small spur of stem 
sheath, is inserted on to the exposed soft stem 
of a young briar (wild rose) stock. The species 
Most commonly used is the very variable dog 


A 8 


12 Budding, as used 
for roses, consists 
in taking a sliver 
from a leaf axil 
with a bud and in- 
serting it into a T- 
shaped cut in the 
young skin of the 
stock [A], When 

in place [B] itis 


secured with bast 
IC). Once establishes 
the shoot into 
which it was put is 
severed above the 
join. This is a con- 
venient way to propa- 
gate, because a 
healthy scion pro- 
duces many buds, 


\ 
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14 Whip and tongue 
grafts are usually 
carried out in tho 
spring. Scion and 
stock [A] must match 


15 Standard roses 
are budded on to 
briars grown to the 
right height in the 
previous year, Bush 
rosos are budded on 
younger briars at 
ground level, Many 
roses will also 
grow from cuttings. 


”% 


development. The 
graft [C] is bound 
until itis united. 


A c| 
17 Stem cuttings [A] 
are taken of a var- 
iety of plants. They 
are trimmed just 


18 Camellias are 
normally propagated 
from leaf-bud cuttings. 
The loat, with the 


below a bud [B]and bud in its axil, is 
tho leaves removedto cut off, together 
adjust for depth of with a section of 


planting in an open- 
textured compost |C]. 
Until roots form, 

the cuttings must 

be kept damp. 


its bark. This is 

set with the exposed 
base of the bud on 

top of a compost-filled, 
protected pot. 


rose (Rosa canina), A standard rose is 
budded on young lateral shoots at the desired 
height, close to the main stem of the briar 
For a bush rose the budding is done at ground 
level on two-year-old briar seedlings. Once 
the bud comes into growth, the gardener 
trims away the rest of the briar to concentrate 
the plant's whole activity into the developing 
scion. He may also graft stem cuttings to the 
briar; this is in fact normal for ramblers and 
some other climbing types. 

Much research has been carried out in 
recent years into the selection and breeding 
of stocks for grafting and budding and the 
range is now large. Horticulturists have paid 
Particular attention to the production of 
dwarfing stocks for modern orchards. The 
dwarf trees permit closer planting with less 
labour when the time comes for pruning and 
picking the fruit 

Root cuttings may be used for the 
propagation of some herbaceous plants [19] 
Included among them are species of Acan 
thus, Anchusa, Romneya and, in the kitchen 
garden, horseradish (Armoracia rusticana) 
and seakale (Crambe maritima) 


Pollination is vital 
to the production of 
normal fruits, The 
process is usually 
left to insects, but 
they are not always 
to be relied upon in 
glasshouses. The 
family Cucurbita 
cane - which includes 
marrows and melons — 
offers difficulties 
because male and 
female elements are 
carried by separate 
flowers whose num: 
ber may not balance. 
To ensure that the 
greatest number of 
female flowers are 
fertilized, gardeners 
generally resort to 
hand pollination [C] 
Pollen from the male 
melon flower [B] is 
transferrad by hand 
to the stigma of the 
female [A]. Hand 
pollination is also 
used with marrows, 
but not with cucum: 
bers, which are best 
n without seeds, 
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13 Trained fruit 
trees occupy less 
space than standards 
and take advantage 
of favourable posi- 
tions, such as wall 

a 
peach is trained as 

a horizontal espa- 
lier. All but a few 
young branches are 
pruned 
each yi 
to the wall. Apples 
e often restricted 
to one main stem, 
set diagonally to 
the wires, while 
peaches, apricots 
and cherries are 
trained in a fan. 


16 Grafting into old 
trees is commonly 
performed in orcha 
trees to change the 
variety without grub- 
bing out the trees. 

A bark graft [A] is 
sealed in place with 
clay or grafting wax. 
The crown graft (B) 

is the most commonly 
dopted form. The 
cleft graft [C] re- 
quires the gardener 
to split the stock 

with a wedge so that 
he can insert the 
pointed twig of the 
scion. In all ca: 
grafts must be tightly 
bound and sealed. 


19 The hollyhock 
(Althaea) can be 
multiplied by root 
cuttings. This is 
useful for hy- 
brids that do 

not seed readily. 


20 Vines and vine 
stocks may be multi 
plied by bud cut 
tings. The bud, with 
its sliver of bark, 

is placed in a suit 
able rooting medium. 


21 Begonia rex, as 

a foliage plant, 

forms new Individuals 
at cuts in the main 
veins of its leaves 
when placed on 
moist sandy compost 
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Staple foods: grains 


The history of civilization has always been 
closely paralleled by the development of 
cereals ~ mainly wheat and barley in the 
world's temperate zones and maize and rice 
in the tropical regions 


Wheat and barley 

Wheat was perhaps the earliest cereal to be 
brought into cultivation, the oldest authenti- 
cated remains of wheat seeds being found in 
the excavated site of a seventh millennium 
BC village in the Tigris-Euphrates valley 
(now eastern Iraq). Grains there have been 
matched against wild wheats that still grow in 
the Near East (Triticum boeoticum and 
Triticum dicoccoides) 

Yields of these early wheats were small 
compared with those achieved by modern 
farmers who use more sophisticated varieties 
and intensive cultivation techniques to har- 
vest up to seven tonnes a hectare (about three 
tons an acre). The principal wheat-growing 
areas are the grassland zones, primarily the 
steppe regions of Russia and China and the 
great almost treeless prairies of Canada and 
the United States [3]. 


Whe 
Triticum durum 


1 One of the common 
broad wheats grown 
extensively 
throughout the tem- 
porate lands is 
Triticum aestivum. 
oft, m 


r, 
is one of the hard 
wheats. This parti- 
cular species of 
wheat is used 
primarily for grind- 
ing into a flour 

that is manufactured 
into pasta products 
such as macaroni. 


and biscuit manu- 
facture. Triticum 


Maize 
Zea mays 


4 Maize (Zea mays) cereal diseases (ex 
is the key cereal in cept blight and fus- 
the subtropical arium stem rot), have 


zones of the world 

it can yield up to 

five tonnes a hectare 
{two tons an acre) 
Modern techniques of 
harvesting and stor- 
age, and the fact that 
relatively free 
from most major 


made it a favourite 
with farmers in de: 
veloping countries. 
Hybridization tech: 
niques give new 
varieties that have 
Increased yield 
potential and 
disease resistance, 
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@& F Africa 9.500.000 


Two major types of wheat are cultivated 
today — winter wheat and spring wheat. The 
former is sown in the autumn in regions 
where winters are comparatively mild. It 
grows strongly in the spring for harvest about 
ten months after sowing. Spring wheat isused 
in areas where severe winters would kill off 
the plants of winter varieties. It is sown as 
soon as the frost leaves the ground and is har- 
vested in late summer ~ the same time as 
winter varieties. Winter wheats are higher 
yielding than spring wheats but produce 
lower quality of flour. 

Barley [10] originated in Abyssinia and 
has been cultivated in Egypt for at least 6,000 
years. It grows mainly in the same areas as 
wheat, although plant-breeding develop- 
ments have extended harley growing into 
colder areas, It used to be grown mainly for 
human consumption as a parched grain or as 
a meal but today it is used to feed animals and 
for making malt ~ which in turn is used for 
distilling or brewing into alcoholic drinks. 

‘Two other cereals are important in temp- 
erate zones — oats and rye [10]. The common 
oat has been cultivated in western Asia and 


now more than 342 

The 
‘producing coun- 

tries are those such 

as India and most of 

Europe, which are self- 

Supporting or need 

to import to make up 


3 Wheat 


USA 64,500, 


USSR 90,000,000 


5 Maize production in tonnes § The world pro- 


BPN duction of maize h: 
actually managed to 
j 6000.000 treble in the past 50 
years, to 332 million 
98ry 6,200,000 tonnes. The USA is 
the major exporting 
400,000 country, although it 
now produces a lower 
proportion of the total 
7800000 world maize harvest 
than it did in the early 
javia 9,100,000 


Maize 


France 9,500,000 
lina 10,000,000 


10,000,000 


yaaa 


USA 168.900,00 


the Mediterranean countries for about 2,000 
years. The main uses are for cattle fodder or 
for human consumption as a porridge and 
breakfast cereal. Most rye is grown in eastern 
Europe and the Soviet Union, as a forage 
crop for dairy cattle; it is also pounded into 
flour and used for rye bread 


Maize and rice 
Most important of the tropical cereals is 
maize, now second to wheat in international 
importance as a food grain [4, 5]. It was 
known in America before the Spaniards 
found the New World, but it probably origi- 
nated in southern Asia. Today developments 
in plant breeding are extending the maize- 
growing areas farther into the temperate 
zones [6] by producing hardier strains 

In general, however, maize requires a hot, 
humid climate and will not tolerate any frost 
during the growing season. Its main use isas a 
fodder plant and for manufacturing pur- 
poses. The grains are used extensively in 
animal foodstuffs but also for making starch, 
and for human consumption as maize meal 
and cornflakes. 


local deficiencies, 

and the exporters 

such as the USA, 

anada and Australia, 

The pattern of trade 
for wheat to be 

‘exported from these 

countries to 

deficiont areas 

such as the tropics, 


3 Europe, excluding 
the USSR, grows 
about a quarter of the 
total world wheat 
crop and the yields 

ar 


early part of the 
20th century, Small 


6 The Corn Belt of 
the USA produces 
nearly half of the 
world's maize, 
although less and 
less of this is ox- 
ported. Most of it 
used on farms 
and supports a vast 
cattle and pig 
producing industry 
În Europe, maize is 


duced for export in 
Brazil, Argentina 

and South Africa, 
most of it for 

animal feedstutts 
used in northern and 
northwestern Europe. 
Production in the 
USSR is also high. 


CONNECTIONS 


Bread and passa 


eer ard orowe 

Key areas are the 

prairies of America 
India; 


China; the northern 
tip of Africa; the tem- 


American grain pro: 
ducers - Uruguay, 
Chile and Argentina, 


stricted to the 
warm, damper areas 
such as Romania, 
Yugoslavia, Hungary 
and parts of Italy, It is 
the major cereal crop 
in Africa but of 
secondary 
importance to rice in 
most Asian countries, 
Mexico is also a major 
producer. 


The maize plant may grow to a height of 
4.5m (15ft) and with its big, spreading leaves 
differs greatly from the grass-type cereals 
such as wheat and barley, In cooler, temp- 
erate countries it is now becoming an impor- 
tant forage crop for beef and dairy cattle. The 
whole maize plant is cut, wilted and stored in 
asilo for winter feeding. 

Although of less importance in world 
trading terms, rice is perhaps the most vital of 
cereals [7, 8]. It is said to provide food for 
more people than any other of the world’s 
cereals, The plant can grow to a height of 
1.5m (5ft) and is probably a native of India. It 
is an annual swamp plant [9]. Unlike the 
other main cereals, it is not sown directly into 
the field and left until harvest. Instead, the 
seeds are sown and when the young plants are 
big enough they are transplanted into 
flooded “paddy” fields. These fields are 
drained at harvest and the rice is then treated 
like the other small grains and, in developed 
farming areas, is harvested mechanically with 
a combine harvester 

The grains of the rice plant are rich in 
starch. Rice may be ground into a flour but 


Oryza sativa 


7 Rice (Oryza sativa) 
is the basic food 
grain in densely po 
ul 


The husk of the grai 


protein and vit 
The rice plant 
commonly known as 
yence paddy 
and only when 


ins. 


has a high silicon been harvested 
content andis and the husk removed 
g imals. does it technically 
The outer skin and become the rice 
kernel contains the th 
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Panicum 
miliaceum 


Sorghum 
Sorghum vulgare 


10 One of the oldest 
cultivated small 
grains in the world 


similar importance 
in Africa is sorghum 
(Sorghum vulgare). 


is millet (Panicum Itis used e 
miliaceum), whichis sively in the manu- 
grown in tropical facture of beer. 

Africa. It tolerate Barley (Hordeum 
prolonged drought vulgare) is one of the 
and, when exported, principal cereals of 

is used largely in temperate agriculture 


bird seed prepara- 


and is widely grown 
tions. A grain of 


in Europe, America 


mainly it is husked boiled and eaten, in its 
original state 

Rice is grown principally in southern and 
eastern Asia, the great river deltas and allu- 
vial plains forming the main production 
areas, However, some rice is still produced in 
hilly areas where the slopes are terraced to 
allow controlled flooding and draining of the 
tice field 

The USA has also become an important 
rice-growing area, and research there has 
shown that the laborious transplanting of the 
rice plant is unnecessary and the crop can be 
drilled directly into the field like other 
cereals, These techniques are cutting the cost 
of rice production and encouraging its spread 
and expansion in other suitable areas. 


Millet and sorghum 

Another long-cultivated cereal, again native 
to China, is millet [10]. It grows to a height of 
about 1m (39in). Millet tolerates prolonged 
drought and is grown mainly in the rain- 
deficient tropical areas of Africa and Asia. 
Sorghum [10] is also vital to tropical Africa, 
where it is the main bread plant 


Rico production in tonnes 


Tou agarose’ 8 In the early 19808 


world production of 
akistan 4600000 "ice totals over 351 
million ton 
including an esti- 
Korea 6200.000 mate for production 
in China. There is, 
ISA 6,600,000 however, little in- 
ternational trad 
11 9.900.600, Thore was world over- 
Rice 
‘Vietnam 10,000,000 
orn. 12,200,000 
Irma 12,700,000 
18,500,000 


+ 
pate, 


China 139,300,000 


Oats 
Avena sativa 


five 
Secale cereale 


tivation. Both cereals 
are now extensively 
grown in many parts 
of Europe, rye 


not tolerate frost 


during the growing proving particularly 
season. Oats (Avena popular in the gla- 
sativa) and rye cial soils of central 
(Secale cereale) are Europe and Russia. 
both thoughtto have Rye grows well in 
been first noticed poorer soils than 
growing as weeds those required for 


in early wheat cul- most cereal grains. 


Key 


Huge wheat silos on 
the prairie skyline 
of midwest North 
America testity to 


production of the 
grain in the early 
1970s and developed 
countries were urged 
to curb production 

to avoid damaging 


that relied on 
rice asa major 
source of income. 


this region's impor- 
wheat- 


ys cathedr: 


9 The river deltas 
and plains of China 
and southwest Asia 
are the main rice- 
producing areas of 
the world and upto 
three or four crops 


Endosperm 


(food) 


Plumule 


Known as 


they could become 
bulwarks against 

global famine from 
population growth, 


depletes the soll, 
China produces an es- 
timated 100 million 
tonnes while India, 
Pakistan and Bangia- 
desh produce 60 
tion tonnes. Japan, 
Thailand and Vietnam 


j 
producing areas. 


11 A “seed” of maize 
(Zea mays) contains 
both the embryo of 
the future plant and 
also the food to 
nourish it while it 
germinates. 


from 


food is contained 
in two leaves within 
the seed) and consists 
Predominantly of 
‘carbohydrates. It 

is this food supply 
that makes the plant 
economically import- 
ant, The embryo, 
made up of the young 
‘shoot, the plumule, 


lost through 
winnowing 
techniques. Now- 
adays the embryo and 
its protein are saved. 
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Bread and pasta 


Western man is capable of creating ever more 
complex and exotic gourmet dishes to tempt 
his palate. These invariably contain large 
amounts of protein, carbohydrate and fat but 
most of the people of the earth are concerned 
from day to day with the way in which they 
are to obtain staple, flour-based food—bread 
and pasta ~ that is the bi taff of life. 

The first loaf of bread probably origi- 
nated from the grass seeds that an ingenious 
prehistoric man, some 8,000 years ago, 
gathered, ground into flour, mixed with 
water, covered with hot ashes and baked ona 
hot stone. The ancient Hebrews, Chinese and 
the Egyptians all ate flat cakes made from 
flour and water but the ancient Egyptians 
were the first to discover that allowing the 
dough to ferment produced gases that made 
the resulting bread both lighter and softer, 


Ancient recipes preserved 

Despite the many variations that have 
developed [1], ranging from white bread and 
black bread to Alaskan sourdough bread and 
Trish soda bread, and despite modern 
production methods, in essence bread 
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remains the same as when its Neolithic 
originator began making it. Bread is simply 
dough made from flour, moistened with 
water or milk, usually leavened with yeast or 
a similar fermenting agent, and then baked, 
or even steamed. 

Bread flour is made from wheat, rye, 
barley or oats. What makes a soft, spongy 
loaf is the nature of the wheat’s protein 
(gluten). The different glutens in barley and 
rye make for heavy bread; maize and rice, 
having no gluten, cannot be made into bread. 
Special gluten-free flour is produced, how- 
ever, for people with certain digestive abnor- 
malities. Today in Britain and America 
strong flour milled from hard wheat is pre- 
ferred for its high gluten content, which helps 
the bread to keep fresh for several days, while 
in France soft flour is used, necessitating two 
daily bakings. 

Despite the simplicity of using modern 
yeast [Key] many flat or unleavened breads, 
usually made from wheat, flour, salt and 
water, remain popular for reasons of taste, 
tradition or climate. The Scandinavians 
favour a wide selection of crisp flatbrods and 


pliable lefsers, Among India’s many flat- 
breads is the poppadum — a crisp, thin wafer 
that is sometimes crumbled over food. The 
Mexican tortilla is made with maize flour 
instead of wheat, as are many of the African 
unleavened “breads”, 

Nutritionally bread is a relatively 
inexpensive source of calories, protein and 
vitamins. Modern wheat bread is made from 
flour fortified with small amounts of thiamin, 
nicotinic acid, iron and calcium. 


Pasta — pipes, shells, rings and bows 

Although legend tells that Marco Polo 
returned from China to Venice more than 
700 years ago with the pasta that became 
Italy's most distinctive national food, equip- 
ment for making leganum (pasta similar to 
tagliatelli) used by the Romans was found in 
the ruins of Pompeii. Whatever its origins, 
pasta has remained an Italian speciality 
although it is popular in other countries also. 
Noodles still feature widely in Chinese and 
South-East Asian cooking and with greater 
or lesser prominence in the cuisines of Japan, 
France and the United States. In central 


i 


connections 


See aiso 
Staple toge grans 


it 
Holy Communion to 
‘symbolize the body of 
Christ; the Arabic 


have long been impor- 
tant in seasonal and 
religious celebrations. 


caraway soode 
Danish tvo 
16 American sourdough 
17 irish soda | 
18 French petite 
baguette 
19 American cornbread 
20 French potit 
Par 


21 French baguette 

22 Sconish bap roll | 

23 English cottage 

24 French pan | 
Espagnol 

25 Jewish challah 

26 French dpi de Í 
Charanto 

27 Croissant 


Europe they are often served with meat 
instead of potatoes or rice. But the formid- 
able assortment of Italian pasta and the many 
Ways it is served are incomparable 

There are more than 60 varieties of pasta 
[2] included in the three main categories ~ 
rod or tubular forms, like spaghetti and 
macaroni; flat sheets or strips like lasagne or 
fettuccine (which may be flavoured with 
spinach); and the small, grain-like soup pasta 
(pastina). Pasta is cooked by boiling or is 
boiled then baked and is alwaysserved with a 
sauce of some kind 


Food for more than half the world 

Rice provides a staple diet for more than half 
the population of the world, for whom it pro- 
vides 80 per cent or more of their total diet. It 
is thought that altogether there are more than 
7,000 cultivated varieties of rice of which 
over 1,000 are grown in India alone [3]. Of 
the long-grained variety, Patna and Basmati 
are among the most widely known. Although 
their names do not necessarily denote their 
origins, other varieties include Java or 
Spanish rice. with more oval-shaped grains; 
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x 
è 
O 
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Piedmont rice, which is short, round and very 
white; and Carolina, which is another long- 
grained kind of rice but one that is suitable 
for puddings. 

The rice plant grows best in paddy fields 
[4], although there is a variety that thrives on 
dry land [5]. Early records refer to Chinese 
irrigation systems for rice-growing in 770 BC, 
and in India and the Philippines terraces built 
2,000 years ago still support rice cultivation 
Today, as centuries ago, rice plants are grown 
in water until they flower then the field is 
slowly dried out as the grain ripens. 

The grains are then hulled and undergo a 
polishing process that removes the perm and 
bran layers. In this process the rice is robbed 
of much of the proteins and especially the vit- 
amins it contains, In most lands where rice is 
the main food source only the husk is 
removed: the “brown rice" that remains 
retains its valuable nourishment 

While rice cannot be satisfactorily pro- 
cessed into bread it is eaten extensively in 
many other ways — on its own, in soups, pud- 
dings, and cakes or accompanied by all kinds 
of different vegetables and meat 


Troe of 
| Concer 


Kavator 


Tropie of Gaaucorn 


2 All pasta is made 
from the same ingre- 
dients following a 
method. A flour 
mixture is prepared 
from dried durum 
wheat. This is mixed 
with warm water 
and kneaded into a 
stiff dough. Dried 
or fresh eggs or spin- 
ach can be add 
though most pasta is 
a simple flour and 
water combination, 
The dough is forced 
through perforated 


aroni is cut to size 
as it emerges from 


the presses while the 
longer noodles or spa- 
ghetti are produces 

to different lengths 
by machines, The cut 
then dried 

in ovens or on racks 
and packaged. 


‘enzyme in it pro- 
duces alcohol and 
the gas carbon diox 
ide from the sugar. 
1t is the carbon 
dioxide that makes 
the yeast-leavened 
dough rise, Commer. 


(Saccharomyces 


form of life with 
remarkable powers 


sugar and warme 


B Principat ice. growing areas 


3 The rice plant The only Asian 


‘enough for export 
are Burma and Thai- 
land. Cultivated 


90% of the total 
output of the world is 
grown in China, 
India, Pakistan 
and South-East Asia 


ferred to in China 
over 5,000 year 


able in two forms, 
compressed and 

granular, Billions of 
individual cells are 
contained in com- 

pressed yeast, each 
containing 
enzyme r 
for fermentation 


jie 


It was introduced to 
the Nile delta and 
thence to,Spain and 
northern italy in the 
fifteenth century 
from where it reached 
Brazil and North 
America in 1685, 


4 The staple diet of 
most people in the 
East, rice can be 
grown where there 
is sufficient water 

to flood the fields 
in which 
itis planted, 

Young plants are 
‘set out by hand in 
fertile mud, which 
is permanently flood 
ed during the growing 
period and gradually 
drained as the rice 
grains ripen, The 
plants’ nodding 
golden tassels are 

a familiar sight in 
hot countries 
throughout the world. 


5 The rice of the 
paddy fields is much 
more common than 
any other variety, But 
about 10% of 
rice is “upland 
rice". This 
grows on dry land 
and is cultivated 
in much the same 
way as any other 
cereal grain, 
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Staple foods: pulses 


All commercially grown species of peas and 
beans (pulses) are legumes, members of the 
family Leguminosae. Generally, peas and 
beans can be eaten raw, but there is one 
major exception, the soya bean [1]. 


Soya bean production 
Soya beans were first cultivated in China 
more than 4,000 years ago and today they are 
still one of the main sources of vegetable pro- 
tein for people living in the Far East: 
elsewhere they are used mainly as food for 
animals. More than half of the world’s annual 
crop of 50 million tonnes is now grown in the 
United States, But large areas of soya beans 
are still cultivated in China, Japan and parts 
of Russia as well as in South America [4]. 
The importance of soya beans has now 
spread from the Eastern countries to the 
West. In the United States the main produc- 
tion area is in the eastern and middle eastern 
states where the crop is intensively cultivated 
by grain farmers, who can use the same har- 
vesting and storage equipment for the crop as 
they use for wheat and barley. The crop is 
gradually being developed in more northerly 


1 Soya beans, now 
widely grown through: 
out the world, are 
natives of Chin 
where they were first 
cultivated some 4,000 
years ago, They were 
introduced into North 
America in 1880, 

The plants can grow 


to about 60cm (24in) 
but most var- 
attain about 
45cm (18in), carry- 
ing their pods quite 


Glycine max near the ground. 
2 The flowers of the USA, but itis 
soyabeancanvary not high-yielding, 
from pure white to producing less than 
light purple. The two tonnes of dried 


beans themselves are 
yellow, brown or 
black, depending on 
the variety. The crop 
is now grown ona 
vast scale in the 


beans to the hectare, 


source of vegetable 
oil and protein 
meal in the USA. 
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latitudes as plant breeders introduce varieties 
that can resist cold climates. Parts of Europe, 
especially southern France, Italy and Spain, 
now produce soya beans, and crops have 
been tried experimentally in Britain and 
Sweden. It is expected that varieties suitable 
for cultivation in northern Europe will be 
available by the 1980s. 

Major livestock-producing nations use 
vast quantities of soya beans either ground 
or, more usually, crushed. Crushed soya 
beans yield large amounts of oil, which is 
used in the manufacture of margarine and 
cooking oils and, in a refined form, to make 
varnishes and other industrial products (3). 

Recently soya beans have been used to 
make texturized vegetable proteins, also 
known as meat substitutes, Other legumes, 
such as field beans and field peas [6], can be 
used in a similar way. The protein content [7] 
is separated from a flour produced by milling 
beans or peas. This flour is then extruded into 
a thin silk-like thread which is woven 
mechanically to produce a solid form. The 
technology has now become so advanced that 
imitations of meat, fish and other natural 


bean is grown 


foods can be manufactured. As animal pro- 
teins become more expensive to produce, 
such texturized vegetable substitutes will 
become relatively cheaper and may become 
Part of a nutritious everyday diet for much of 
the world’s population, 


Peas and french beans 

The most important pulse crop grown in cool 
temperate zones is the pea [5], Large arcas 
are planted in Europe, the United States and 
Canada and in parts of the Southern Hemis- 
phere with similar climates, such as New Zea- 
land. The pea came originally from Asia, 
from the region lying between the Mediterra- 
nean and the Himalayas, It reached China 
from Persia about AD 400 and was intro- 
duced into the United States during the 
earlier years of colonization, 

Peas have several uses, In most indus- 
trialized countries they are eaten either fresh 
or in some processed form ~ usually either 
canned or frozen, New techniques involving 
quick freezing of the crop within hours of its 
being harvested have widened its potential 
market and peas are now eaten all the year 


CONNECTIONS 


3 The versatility of 
the soya bean as a 
Vegetable means it 
can be put to almost 
any use, ranging 
from direct consump- 
tion in less-favoured 
areas to sophisti 
cated industrial uses 
in developed nations. 
Products made from 
it include bean 

curd [A]; vegetable 
oils [B], which are 


are refined for 
the manufacture of 


margarino; soya 
sauce [C], a fer- 
mented flavouring 
that is us 
Oriental cooking; 

and texturized vage- 
table protein [D]. 

The oil is also used 
in soap manufacture 
[E] and for inks, cos- 
metics, dyes, paints 
IF], varnishes [G] 
and glues. It is al 
processed into lac 


quors used in colour- 
ing floor coverings 
IH]. When the oii 

is crushed from the 
bean a high-protein 


id, this can be 
directly to 
animals [I] or 
incorporated with 
cereals into live: 
‘stock rations [J]. 


4 Cultivation of soya 
beans has spread 

in response to tho 
Increasing world 
demand for protein, 
The main areas are 
the USA, with more 
than half of world pro- 
duction, and the Far 
East, notably China, 
Japan and Korea, 
The crop is spreading 
into parts of South 
America, especially 
Brazil, and into de- 
veloping African 

states. As new va 
fieties resistant to 
colder climates 
become ilable, 
more soya will be 
grown in Europe and 
northeastern Asia. 


round, Some varieties are not harvested in 
the fresh, immature state, but are left on the 
field to ripen and dry. They are then har- 
vested with combine harvesters in much the 
same fashion as grain crops. They are dried 
further during storage and either sold dry, or 
soaked and canned as “processed” peas. Bri- 
ain has traditionally imported Alaskan peas 
from North America for canning in this way 
but now new varieties have been developed 
and the American trade has diminished 

Dwarf french beans are another impor- 
tant legume for the crop farmer and they are 
grown in the same areas as peas. The crop is 
also either eaten fresh or processed by 
ning or freezing 

Pea and bean crops are especially impor- 
tant to crop farmers because most do not 
need to have extra nitrates added to the soil 
to aid their growth. As leguminous plants. 
they have the ability to “fix” nitrogen from 
the air in small nitrate nodules that form on 
the roots of the plants (with the help of sym- 
biotic bacteria). In this way they increase the 
fertility of the soil for the following crop in 
the arable rotation, The dwarf french bean is 


an- 


A 


7 Most pulses contain 
protein in relatively 
large amounts. The 
25% protein content 
of poas is exploited 
through processing 
ofthe crop in Canada, 
where a high-protein 
flour is made for 

sale to countries 


short of protein. The 
field bean is used 
mainly for animal feed. 
Soya bean is a dual- 
purpose vegetable, 
either for human or 
animal feed. Lupins 
are normally poison: 
us but can be treated 
to make animal feed. 


an exception to this general pattern in that it 
needs the addition of inorganic nitrogen to 
produce an economic yield 


Other edible pods and beans 
Many other members of the bean family are 
common as garden plants grown for home 
consumption [6]. Scarlet runner beans, which 
are picked when immature and can be eaten 
fresh, frozen or canned, broad beans and var- 
ious types of haricot beans belong to this 
category. Blick-eye peas and mung beans, 
however, form staple diets in the areas of the 
world in which they proliferate. One of the 
earliest cultivated legumes is the lentil, a 
native plant of Asia and a traditional source 
of vegetable protein throughout Middle 
Eastern countries 

One other bean which is widely grown in 
the United States and very popular in 
Britain is the navy bean, a variety of the same 
species as the dwarf french bean. It is 
imported inté Britain in the dry harvested 
state and is then processed and canned into 
the familiar baked bean, usually in a tomato- 
flavoured sauce 


The pea-viner har 
vests the crap ready 
for processing, The 
peas are separated 


by the viner from 
the vines and pods 
and are delivered 
to a collecting 


chamber trom where 
they are transferred 
to boxes for transport 
to the factory. 


5 The garden poa 6 Peas and beans 
(Pisum sativum) is are vital parts of the 
eaten all year round, staple diet in many 
The crop is grownon parts of the world, 

a field scale with whether for human 
planting dates stag- consumption or 
gered to allow steady a prime foed pro: 
harvesting for pro- tein for cattle. This 
cessing, For canning, international selec- 
freezing and dehydra- tion of peas and 
ting the peas are 

taken into the fac: ‘ 
tory within two or 

three hours of har 
vesting, For canning 
they are washed, 
sorted and put into 
tins before cooking, 
For freezing. they 

are sorted, graded 
and blast-frozen, Tho 
whole process takes 
only about 20 minutes. 
The dehydration or 
freeze-drying tech- 
nique is even quicker. 
All the water is 
extracted from the 
peas, which then have 
to be ro-hydrated by 
Soaking before they 
are used as food. 


beans includes green 
gram or mung beans 
(A); butter beans [B] 
pea beans [C]; black 
gram beans [D]; pig- 
won beans [E]; lablab 
beans [F]: the tradi 
tional American black- 
eyed peas [G]; purple 
coated kidney beans 


IH]; soya beans [I] 
the brown and the 
white haricot bean 
(J. KI, both var: 

ieties of the species 
Phaseolus vulgaris; 
scarlet runner beans 
[L]; and chick peas 
IM). known as garban 
zos in the Americas. 


Canning 


Dohydrating 


Kg 


1 Soya beans 59% 
2 Dry beans 11% 

3 Dry peas 10% 

4 Chick pens 6% 

5 Dry broad beans 5% 
6 Pigeon pons 2% 

7 Lentils 1% 

B Other 6% 


8 World production 
of pulses shouid 
increase with the 
continued rise in 
the demand for both 
proteins and oils, in 
which most species 
are rich. Soya, how: 
ever, is likely to re- 
main the most widely 
cultivated pulse 
crop. Several types 


of pea crop could 
increase, especially 
if present North 
American breeding 
programmes succeed 
in producing types 
higher in protein 
than those now avail 
able. The extraction 
of protein and starch 
separately from peas 
could have an 


impact on the areas 
cultivated. Field 
beans, or faba beans, 
will also increase 

in popularity. Work in 
Europe on new var- 
ieties with improved 
resistance to disease 
is also well advanced 
in an attempt to 

find an alternative 
type of bean to soya 
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Staple foods: tubers 


Tubers are underground stems specially 
modified for the storage of plant foods, Root 
tubers have the same function but are mod- 
ified roots. Rhizomes are another type of 
storage organ but are modified stems that 
grow underground. Tubers form part of the 
staple diet of almost all modern societies 
from urbanized Europe and North America 
to the tropics of Africa and Asia, 


‘The most important tuber 

To Western peoples, the most important 
tuber is the potato (Solanum tuberosum). It 
was taken to Europe by the Spaniards in the 
sixteenth century from South America, 
where it had been a vital part of the Peruvian 
diet from about AD 200. 

Europe accepted the potato gradually and 
it was not until the late 1580s that it appeared 
in the British Isles. Crop development was 
fastest in peasant economies — notably in Ire- 
land ~ but after the mid-nineteenth century 
the potato’s importance as a food source was 
recognized and the vegetable was cultivated 
more widely, Ironically, it was the major fail- 
ure of the potato crop in Ireland in 1845-6 
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and the devastating famine that ensued that 
alerted society to the potato’s food value. 

The potato grows best in well-drained, fer- 
tile soils and, because of this, its cultivation 
spread rapidly to the better crop-growing 
areas of Europe such as the east coasts of 
England and Scotland, the northern plains of 
France and the fertile polder areas of The 
Netherlands. Similarly, its development in 
the United States has been greatest in the 
north — Idaho, Washington and Maine. 

Modern agricultural techniques, the use 
of chemical fertilizers and the development 
of mechanized planting and harvesting have 
led to increased yields. Farmers on the best 
soils now harvest up to 40 tonnes of potatoes 
a hectare (16 tonnes an acre), 


The potato crop 

The potato crop is planted when the last 
spring frosts are gone, Tubers are placed 
about 1m (39in) apart in ridges, well covered 
with soil. The plant shoots emerge within two 
or three weeks of planting and the tubers of 
early varieties are harvested — usually by 
hand [Key] - about three months after 


planting [1]. The main part of the crop is 
lifted in autumn and a high percentage is 
stored to ensure year-round supplies. 

The principal use of the potato [2] has 
traditionally been as a fresh vegetable, but 
now it is increasingly used as the raw material 
for the production of processed products. 
Frozen “french fries” (chips), crisps [3], 
dehydrated potato for human or animal feed 
and a series of canned potato products are 
extending its use as a food. In the USA, the 
trend towards processed and “convenience” 
foods has been most marked and up to 45 per 
cent of the US potato crop is now eaten in this 
form. In the UK the proportion is about 
15-16 per cent, but is increasing steadily, In 
Europe, notably in The Netherlands and 
Germany, processing into starch and alcohol 
has become an important industry: 

The development of new uses for the 
potato and the need to adapt the plant to 
grow in many climates and to mature earlier 
or later for specific markets, has led to the 
development of major plant-breeding pro- 
grammes, Some varieties now available have 
the characteristics of early maturity, or high 
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Soe aiso 


ipecies is the potato, 
jach variety of which 
is distinguishable by 
the colour of its 
h, or by the 
shape or texture of 
Potatoes, 
in good 


Much of the crop is 
Shipped from Europe 
to South America to 


As immigrant 
populations increase 
in European centres 
these tubers ar 


t 
mands 


4 Golden Wonder 
5 Ulster Prince 

6 king Edward 

7 Kerr's Pink 


potato takes throe to 
seven months depend- 
ingon variety. The tu- 
ber is covered with 
earth in fertile ground 
and shoots its stems 
through “eyes” in the 
skin surface [A]. At 
six weeks a large can- 
opy of leaf growth de- 
velops and tubers 
grow [B] on under- 
ground shoots. Leaf 
growth is dried chem- 
ically [C] to aid lifting. 
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starch content or a smaller proportion of 
water than usual in the live weight 

Early maturing varieties of potato have 
become vital to the economy of many less- 
developed countries, especially around the 
Mediterranean. The varieties are ready for 
harvest in early spring and are exported to 
cities in northern Europe. 


Less-productive tubers 
Other tubers - mostly those in tropical areas 
- have not yet had the benefit of sophisticated 
plant-breeding programmes and are there- 
fore comparatively less productive. This 
situation is likely to change, particularly with 
cassava [6], a tall herb that originated in 
South and Central America. There are two 
useful species — Manihor dulcis, the sweet 
cassava, and Manihot utilissima (or M. 
esculenta ), the manioc or tapioca plant 

The sweet cassava is a root tuber eaten 
fresh as a vegetable or used as a source of 
starch. By far the most important species is 
the bitter cassava. When harvested the tuber 
is bitter and poisonous, but when the 
poisonous juice is washed away the tuber is 


processed into tapioca for human consump: 
tion and into cassava meal (also called 
manive) for animal feed, The meal’s impor- 
tance as a cereal replacement in animal feed- 
ing was highlighted during the world cereal 
shortage of 1973 and 1974. This shortage, 
and the need to make tropical countries more 
self-sufficient in food, is leading to far- 
reaching plant-breeding programmes for cas- 
sava which will increase its importance 

Yam (Dioscorea sp) and taro (Colocasia 
esculenta) are tubers that are of importance 
in their respective geographic areas, Yams 
are indigenous to tropical areas of both the 
Southern and Northern Hemispheres and 
taro, which originated in southeastern Asia 
has become an important staple food in the 
Pacific Islands, particularly Polynesia where 
it forms the basis of a thick paste called poi 

The sweet potato (Ipomoea batatas) bears 
no relation to its more common namesake. It 
produces heavy crops of large. irregular 
tubers and is now widely cultivated as a 
vegetable in the southern USA, Central 
America, the warm Pacific Islands, Japan and 
the Soviet Union. 


as 


i] 


4 Tanis 
Xanthosoma 


4 The rhizomes of the 
tropical tannia plant 
are collected and 
ground into meal. 
The plant grows 

to 3m (10ft) in height. 


$ Anowroot 
Maranta 
arundinacea 


5 Arrowroot mostly 
grows on the West 
Indian island of St 
Vincent. It has 
rhizomes ti 
produce a starchy 
powder used for 
thickening sauces, 


Potatoes can be har- 
vested mechanically 
or by hand, Hand 

picking of early crops 


3 Potatoes are manu- 
factured into crisps, 
one of the chief forms 
of processed potato 
eaten in Britain. The 
tuber must be high in 
dry matter and low in 
sugar content to be 
suitable for crisping 
The potato is peeled 
[1] and washed [2] 
mechanically, sliced 
13] and blanched in 
boiling water before 
frying [4]. The crisps 
are then dried 

and to some batches 
lavouring is added 
[5] before packaging 
[6] ready for dis: 
tribution. All this is 
done automatically, 


continues when 
mechanical lifting 

is stopped by bad 
weather, so allowing 


the crop to reach the 
market when the price 
for early new 
potatoes is high. 


6 Cassava 
Manihot utiissime 


6 The cassava is 
becoming one of the 
world's most import- 
ant tubers because 

a processed form of 

produced from 
its root, is used as 
a cereal substitute. 


a 


Vegetables 


Vegetables are important to a healthy human 
diet even if the energy requirements of the 
body are met by starches from grains and 
roots and by protein of animal or vegetable 
origin. Fresh vegetables provide vitamins 
that may be lacking in the rest of the diet. 
They also give the diet the bulk that helps to 
keep the digestive tract in good working 
order. Furthermore, they add to the enjoy- 
ment of food by providing variety, The seeds, 
pods, leaves, stems and roots are used. 


Pods and seeds 

The young seeds or fleshy pods of immature 
pulses are widely eaten [1]. Peas (Pisum spp) 
and broad beans ( Vicia sp) originated in the 
Old World, French, haricot and dwarf beans, 
all Phaseolus sp, originated in America. Most 
of these are eaten as pods, although some are 
allowed to mature or may be shelled out like 
Breen peas (flageolets), 

Most versatile of all the vegetable groups 
are the brassicas, which include both leaf and 
root types, and others where the immature 
flower head is eaten, Many are sub-species of 
Brassica oleracea, whose area of origin is not 


i y 
ad ~ 


runner beans [C]. 
‘Sweet corn [D] is a 
variety of maize bred 
to be cut before the 


1 Legumes and grains ripen. Fro: 
grains can both be istant varieties 
eaten as vegetables. have extended the 


Pulses. some having range of sweet corn. 


3a 
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known; they include cabbages, brussels 
sprouts, cauliflower and broccoli [3]. Other 
leafy brassicas are Chinese mustard (B. 
juncea), kale (B. oleracea) and Chinese cab- 
bage (B. pekinensis). The root species, in 
which the “root” is actually a modified stem, 
include kohlrabi (B. caulorapa), swede (B. 
napobrassica) and turnip (B. rapa) 

Other leaf vegetables that are widely 
grown include spinach (Spinacia oleracea) 
and the Swiss chard (Beta cicla), lettuce 
(Lactuca sativa), endive (Cichorium endivia) 
and chicory (C. intybus) [4] 

Less hardy because of their sensitivity to 
frost, but cultivated for many years in temp- 
erate as well as tropical climates, are the 
cucumbers (Cucumis sp) and several species 
of the genus Cucurbita, which includes the 
marrow, squash and pumpkin [8]. In all of 
these it is the immature fruit that is eaten 


Fruiting species 

A number of fruiting species botanically 
related to the potato came with it from 
America. Of these the most important today 
is the tomato (Lycopersicum esculentum) [6], 


3 Cabbage |A], 
cauliflower [B] and 
brussels sprouts [D] 
all belong to the same 
Brassica species 
although they differ 
greatly in appear- 
ance. Like curly 

kale [C], 
all hardy 
varieties cai 
quite cold winters, 


although it was originally grown in Europe as 
a purely ornamental plant. Others in this 
group are aubergine or egg plant (Solanum 
melongena) (6) and sweet pepper (Capsicum 
annuum) [7]. These plants figure increas- 
ingly in international trade, and are largely 
grown in glasshouses. 

Root vegetables, which cover a wide 
botanical range, have always been a most 
important winter food, because many are 
biennials, whose roots carry the energy stock 
for the following year's flowering. Examples 
are the tap-rooted carrot (Daucus carrota) 
[5] and parsnip (Pastanaca sativa), whose wild 
forms are common all over Europe. The 
beetroot (Bera sativa) is one variety of a ver- 
satile species that includes the sugar beet and 
the mangold. Radishes (Raphanus sp) [5] 
have also been developed from common wild 
plants in Europe and Asia, where they are 
Still weeds in arable crops on some soils 

The genus Allium adds flavour to diets in 
many parts of the world. Vegetables of this 
genus include the onion (A. cepa) [5] and 
its varieties, shallot (A. ascalonicum), leck 
(A. porrum) from the Mediterranean region 


o 


2 Young shoots of 
asparagus [A] are 
grown as a luxury 
Vegetable in beds 


4 Leafy plants for 
salads and cooking 
include chicory [A], 
whose young shoots 
are forced in winter, 


SONNECTIONS 
Seea 


that may remain in 
production tor many 
years. Rhubarb [B], 

a member of the dock 


family, has poisonous 
leaves but th 
young stems ar 
in spring. Growth 
may be forced 

in darkened sheds 


c 


lettuce [B] and 
spinach [C], of which 
there are two species 
to cover winter and 
summer cropping. 


and garlic (A. sativum) from central Asia. 
Without one or other of these, regional 
cookery would be much less interesting 

Plants such as celery (Apium graveolens) 
and sea-kale (Crambe maritima) are 
cultivated for their blanched stems. The 
young stems of Asparagus officinalis [2] are 
Considered a particular delicacy, Rhubarb 
(Rheum rhaponicum) [2] is another stem 
vegetable of commercial importance in 
temperate countries. The globe artichoke 
(Cynara scolymus) is cultivated for its edible 
flower buds ~ as well as its looks 

The tropics support a wide variety of both 
root and leaf vegetables, most of which are 
mainly eaten locally. Two that have become 
more widely familiar are the green bananas 
or plantains, which are prominent in so much 
Creole cookery, and okra or gumbo 
(Hibiscus esculentus), which is a close rela- 
tion of cotton. 


Cultivation and preservation 

Vegetables lend themselves to small-scale 
cultivation in most parts of the world, by 
amateurs as well as professional cultivators: 


sa u} 


6 Tropical vegetables 
that now have a wide 
distribution are the 
aubergine [A] and the 
tomato [B]; they 

are fruits devel: 

‘oped from flowers, 


much of their production is still on small 
intensive holdings, largely run by family 
labour. However, with urbanization a larger 
proportion of the main species is grown on a 
field scale by general farmers or on big 
commercial holdings in areas such as 
California, where the weather is predictable, 
and irrigation combined with plentiful sun 
makes for quick growth and high yields for 
the cultivators 

Sophisticated handling and packing, with 
refrigerated transport, make it possible to 
move even highly perishable vegetables into 
distant markets in a condition as good as that 
of produce grown on the very outskirts of any 
conurbation 

Large-scale vegetable production has 
also been furthered by the technique of deep 
freezing. A crop with a comparatively short 
season, such as the green pea, can be made 
available to consumers all over the world 
throughout the year. It can also be produced 
to high standards of quality in the field andin 
the processing plant, while inferior grades are 
diverted to other forms of preservation, such 
as canning and drying 


D 


vpe 
ee 


5 Bulbs and roots 
are widely grown, 


“roots” of turnips 
[C] and radishes (D) 
Onions {Aj werean are actually modifi- 
important crop in cations of the stem 
ancient Egypt. The baso. The carrot [E] 
shallot [B] forms is a biennial that 

new bulbs bythe side builds up a food 

of the old, The 


7 Sweet peppers JA] 


Vegetables are the 
major source of vita 
mins. For instance, 
100g (402) of tom 
atoes contain 117 
micrograms of vit- 
amin A, 0.10mg of 
vitamin B (thiamine 


stora in its tap root 
tor the following year. 


and riboflavin) and 
20mg of vitamin C. 
‘These quantities are 
used here as com- 
parison units for 
Vitamins found jn an 
equal weight of 
other vegetables, 


sa 


belong to the genus 8 The fruits of row [C] and its 
Capsicum, native of the cucurbits are smaller version, the 
the American tropics. soft-fleshed with a Courgette, and the cu- 
The seed pods of high water content  cumber [D], The lat 


okra or gumbo [B] 
are picked ten 
wooks after planting 


and include winter 
Squash [A], pumpkin 
[B], vegetable mar- 


ter have been culti- 
vated all over the 
world for centuries. 
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Green salads 


The crispness and flavour of uncooked 
vegetables, together with their medicinal 
qualities and nutritional value, have been 
recognized for centuries. Lettuce was pre- 
pared for the kings of Persia in the sixth cen- 
tury BC and the Romans were well aware of 
its ‘curative powers. Early Greek doctors 
regarded both lettuce and rocket as benefi- 
cial for the stomach. 


Lettuce and other leaves 
The leaves of salad vegetables were credited 
with other properties. The spicy flavoured 
rocket (Eruca sativa), some varieties of 
which are grown for salads, was thought to be 
an aphrodisiac, Because of the milky juice 
characteristic of the lettuce (Lactuca sativa) 
[1A], the vegetable was said to be good for 
nursing mothers. This belief belongs to the 
doctrine of plant signatures, which associated 
the physical form of the plant with the condi- 
tion it was to aid: the word lactuca is derived 
from the Latin word for milk. 

A prickly lettuce (Lactuca serriola), 
native to Asia, is thought to have been the 
ancestor of L. sativa, but many varieties 
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flourished in the East by the first century AD 
During the Middle Ages the lettuce spread 
to Europe und Christopher Columbus 
(1451-1506) may have taken it to the New 
World. Modern writers have noted that 
eating flowering lettuce in quantity induces a 
coma. In Beatrix Potter's animal tales the 
Flopsy Bunnies ate this type of lettuce and 
fell into so sound a sleep that they were 
oblivious to danger. Even so, lettuce has 
always been the basic salad ingredient. The 
Romans treated lettuce in brine, then in brine 
and vinegar. A spicy vinaigrette (oil and vin- 
egar mixture) was used to dress fresh salads, 


Embellishing a salad 

The addition of other raw vegetables to the 
basic green salad lends it flavour and a 
crunchy quality, Blanched leaves of chicory 
(Cichorium inty bus) (1E) are highly regarded 
by the French. The closely packed yellowish- 
white leaves of the chicory were developed in 
1850 by the head gardener of the Brussels 
Botanical Garden and introduced in the 
United States in the late nineteenth century 
The related curly endive (Cichorium endivia) 


may have originated in Egypt although it is 
said to have arrived in Europe from the East. 
There are many varieties, from the very curly 
- the most frequently grown as a tasty salad 
ingredient ~ to the slightly curled broad- 
leaved Batavian type which is cooked 
Another crisp addition is celery (Apium 
graveolens) [1L]. Or a lively embellishment is 
the distinct aniseed flavour of Florence 
fennel (Foeniculum vulgare) [1K], 

Watercress (Nasturtium officinale) [11], a 
wild aquatic plant belonging to the mustard 
family, is an ancient salad plant and it has a 
distinctive pungency. Purslane (Portulaca 
oleracea), which grows in Iran, Africa and 
Asia, and the leaves of the sorrel (Rumex 
acetosa) [3G], also add a notable flavour. A 
wide selection of herbs, including basil (31), 
tarragon and parsley, is another addition. A 
dressing of oil and wine vinegar lends the 
salad a final piquaney 


An ancient Chinese art 
The Chinese culinary art is one of skill and 
distinction, With infinite patience cooks hi 
evolved a style that preserves the natural tex- 
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1 The salad bow! pro. 
an endless 
variety of fresh veg 
tables, The cabbage 
lettuce [A], with its 
leaves folded into a 
neat crown, has a 
mild taste and plea- 
sing texture. Forming 
atall, loose head, 
leaves of the cos or 
Romaine lettuce [B] 
are stronger in fia- 
vour, while butter 
head lettuce leaves 
[Cla 
oily. 
used as a salad veg- 
etable) [D], chicory 
IE] and curly endive 
[F] are all rather 
bitter vegetables. 
When chicory is 
blanched the leaves 
add a suggestion of 
sharpness to a green 
salad, The whi 

seedy centre of 
cucumber (Cucumis 
sativus ) [G] 

is another popular 
salad ingredient. 


garnish. The 

radish [J] adds a 
colourful finishing 
touch and Florence 
fennel IK] and celery 
IL] a complemen. 
tary crunchiness. 


tures and flavours of foods. The Chinese 
were among the first to understand and 
respect the value of partially cooked vegeta- 
bles. They were using the cultivated lettuce as 
carly as the fifth century BC, but pe-tsai or 
Chinese cabbage (Brassica pekinensis) is 
more commonly grown. Chinese cabbage has 
a long, sculptured heart, crisp as celery, and 
makes an excellent salad, The leaves are stir- 
fried, a classic method of Chinese cooking in 
which the thinly sliced food is turned quickly 
over and over in hot oil. Pak choi (Brassica 
chinensis), which is also Chinese cabbage, is 
looser and more floppy. In China cabbage is 
frequently used in soups. A hot leaf mustard, 
or mustard greens (Brassica nigra), is pickled 
in salt and vinegar. This species is also culti- 
vated for its seeds. 

The radish (Raphanus sativus) [13], often 
used in Europe merely as a colourful garnish 
to the green salad, is an important vegetable 
in the East, An ingredient in many Japanese 
dishes is the daikon, a long, white radish of 
mild flavour. The radish is probably of 
Oriental origin and another large, firm winter 
root much grown in the East is known as 


2 Unusual plants pe-tsai|A) is o loose- 
have been in use in leafed cabbage that 
China for centuries can be eaten raw. 

and the lively re: An important veg 
gard of the Chinese —_etable rich in starch, 
for texture and fi the tasty and crisp 
vour is reflected in waterchestnut [B] 

this array of veg grows along the banks 
tables commonly used of the Yangtze River. 
in their cuisine. The Frequently used are 
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Chinese radish. The delightful pale green 
wasabi is also used for seasoning. The flavour 
of this root, stronger than horseradish, can be 
preserved powdered in tins. 

Chinese skill in the use of familiar vegeta- 
bles is admirable, but their imagi ie use of 
other plants is unique. Some of these. if seen 
in the West at all, serve only a decorative pur- 
pose. The tiger lily, for instance, is a plant 
prized in Europe for its beauty. In China its 
buds are dried into pale orange strips known 
as golden needles and several Chinese dishes 
are enriched by their aromatic properties. 
The lotus [2D], sacred to Buddha and Kwan 
Yin, the Goddess of Mercy, is also esten raw 
as a vegetable, The seeds of the lotus are pre- 
served in syrup and its leaves arc wrapped 
around spicy food for steaming, All over the 
Orient young shoots of the bamboo (Bam- 
busa sp) [2C] are eaten raw. The water- 
chestnut [2B] and the Chinese water- 
chestnut [2F] are other crisp vegetables. 
Among the most beautiful water vegetables 
are the many kinds of seaweed. The Japanese 
have harvested the branched fronds of these 
nutritious plants for centuries 


delicately flavoured 
bamboo shoots |C]. 
The perforated stem 
of the lotus [D], whole 
or sliced, is also used 
by the Chinese, as 
are fruits of Chinese 
waterchestnuts [F] 
and various bean 
sprouts [E] 


Three common, wild 


a green salad. Young 
leaves of the dande- 
lion (Taraxacum sp) 
1A] have a bitter taste. 
This persistent plant 
is especially common 
in grassland but can 
be found almost any- 
where. Brooklime 
(Veronica beccabun- 
ga) [B] is found in 
slow-flowing streams 
nd ditches, The 

avos have a similar 
flavour to those of 
watercress. Culti 
fields and dunes are 
where corn salad 


Other easily found 
wild salad plants are 
shown in illustration 

3. Leaves are not the 
only edible part of wild 
plants. The pig-nut 
(Conopodium majus) 
has edible tubers, 


3 Crushed leaves of 
the salad burnet (Por: 


more un- 
usual salad than 
fennel, chicory or 
watercress [B] 
Flowers and leaves 
of nasturtium [C], 
sea beet (a variety 
of Beta) [D] and net- 
tles (Urtica dioica) 
[E] can also be used. 
Valerian [F] 
and sorrel |G] 
found on grasslands, 
while basil [1] grows 
better on dry chalk. 
Collard greens 
[H] also add 
interest to a salad. 


Key 
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Temperate fruits 


Fruit is the botanical name given to the part 
of a flower that persists after the blossom dies 
and forms a vessel enclosing the seeds until 
they are ripe. The seed-vessels of some plants 
have fleshy exteriors that form an attractive 
food for animals, which eat the flesh and the 
seeds, Most seeds pass unchanged through an 
imal’s digestive tract and pass out in the 
faeces. In this way, animals become the 
means by which the seeds are dispersed. 

Despite the botanical definition, a fruit- 
grower's use of the word “fruit” is limited to 
juicy and edible by 
human beings [Key], He also recognizes nuts 
as fruit. His chief concerns, therefore, are the 
quality and size of the edible part, whether he 
can grow it successfully in his particular ai 
and whether he can sell it at a profit, The fact 
that seeds are also produced is not relevant 
although he knows that their presence is 
essential for the stimulation and develop: 
ment of the fleshy part he sells. 

Fruits have always been an important part 
of man's diet, Initially, he gathered them 
directly from the wild, later he planted trees 


seed-vessels that are 


und bushes so that they grew conveniently 


3 The apple is one of 
the most important, 
widely cultivated fruits 
grown in temperate 
climates, Shown, 

here is the Cox's 
Orange Pippin, an 
eating apple that 

is widely popular. 


4 The cherry is a 
type of fruit known as 
a drupe, which takes 
the form of a single 
seed surrounded by 
fleshy fruit, Cherries 
date from Roman 
times and the one 
shown is the black 
Early Rivors variety 


5 Modern fruit is a 
result of thousands 

of years of selection of 
chance seedlings and 
mutations (sports) and, 
during the last 200 


years, of controlled 
breeding. Large 
apples were developed 
from species such as 
the crab apple (Malus 
sylvestris), Pears 
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near his dwelling-places, and finally he 
experimented by cross-fertilizing selected 
varieties, thereby improving the quality and 


appearance of the fruit 


Citrus fruits 
The orange, lemon, lime, grapefruit and ugli 
are citrus fruits ~an important group in which 
the “flesh” is formed by hairs radiating from 
the seeds. These hairs or pulp-vesicles 
swollen and juic 


giving the fruit its charac 
teristic texture. Citrus fruits have their origin 
in the East. Sweet oranges and lemons were 
first grown in China and limes in India, and 
sweet oranges did not appear in the West 
until the seventeenth century. The grapefruit 
is thought to be of hybrid or 

In most citrus fruits the fibrous flesh is 
eaten and the rind discarded, although in the 
citron and some others the fruit is gathered 
mainly for the rind. The rind of citrus fruits 
contains tiny reservoirs of oil. Orange and 
lemon rinds give body and flavour to mar 


malade, and they can be candied and used in 
confectionery and for giving 
flavours to cakes and puddings, 


distinctive 


3 Ugh tuir 
4 Crab appl 

0 Newton apple 

6 Red Richard apple 
7 Conference pear 
8 Cyprus lemon 


10 Swaet orange 


15 Red plum 


16 Rainbow-swipe chery 


(Pyrus sp). plums and 
cherries (Prunus sp) 
were derived from 
wild European 
species, The quince 
(Cydonia sp) origi 


nated in the Middle 
East, citrus fruits 
(Citrus sp) in the 
Far East. Modern 
techniques make fruit 
available at any time. 


Lime juice was a valuable commodity in 
the eighteenth and nineteenth centuries 
when the voyages undertaken by sailing ships 
were so long that vegetables could not be 
kept fresh, Lime juice was drunk by the 
sailors to ward off scurvy. a disease caused by 
a lack of vitamin C which fruit and vegeta: 
bles. particularly citrus fruits. contain. The 
name “limey”, given to British sailors of that 
time, derived from the practice 


Fruits of the rose family 
A large number of fruits come from plants of 
the rose family (Rosaceae); these include the 
apple (3, 5], pear [5]. cherry [4]. peach [8] 
apricot [7] and plum [6]. Trees of this family 
are hardy and thrive in temperate regions. 
Apples and pears originated in Afghanistan. 
all varieties of apples being developed from 
the wild crab apple there. Today apples 
Tepresent the second most important fruit 
after the grape and the major producers are 
the United States, France, Germany 
Switzerland, Italy and the Balkan countries 
Larger trees, generally associated with 
apple orchards [1] planted after World War 


1 Commercial apple 2 
orchards in England 

are found throughout 
the region south of 

a line joining the 

Mersey and the Wash. 
Most cider apples 

are grown in the West 
Midlands and in 

the West Country, 


2 Fruit trees in 
gardens are grown on 
a smaller scale and 
can be trained against 
a wall espalier style, 
like this pear tree, 

80 a8 to take up loss 
Space and not shade 
other plants, 


OO 
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See also 


II, are becoming less economic because of the 
high cost of pruning and picking, For this 
reason most modern orchards have smaller 
trees planted close together so that work can 
be done from ground level. This has been 
made possible by the development of 
dwarfing and semi-dwarfing rootstocks. 

Growers are also experimenting with 
mechanical pickers but the techniques so far 
developed damage the fruit too much for it to 
be usable for high-quality sales or long-term 
storage, Some apples for cider, however, are 
gathered by machines 

Pears thrive in warmer temperate 
regions, In Canada, Australia and South 
Africa a large proportion of the crop is 
anned but in Europe canning is less impor- 
tant. In France, Germany, Switzerland and 
England some of the crop is made into a fer- 
mented drink called perry 


Fruits of the vine 

Grapes are the world’s most important 
perennial fruit and are grown for wine, 
dessert use or dried as currants and raisins. 
Nearly all European and Mediterranean 


8 The peach, like the 
apricot, originally 
came from China. 
Both fruits are mar- 
keted fresh, dried or 
canned according to 
the variety. There 


are two types of 
peach ~ the freestone 
and the clingstone 
which differ according 
to the ease with which 
the stone is re- 

moved from the flesh. 


10 Melons and grapes 
both need a great 

deal of sun and 

water. The fruits of 
the melon may need 
to be supported in 
nets while growing 
Most grapes are 
grown for wine but 
‘many fine vari 
are grown as des- 
serts or for drying 


1 Musk melon 
2 Ogen melon 

3 Winter melon 

4 Cantaloup melon 

5 Balsam pear 

6 Watermelon 

7 White dessert grapes 
B Black dessert grapes 


grapes go into wine: in California, more than 
half of the crop is dried, one-third is used for 
wine and the remainder is eaten fresh or 
canned, Each variety of grape is grown for a 
specific purpose. 

Most varieties of melon are derived from 
the musk melon Cucumis melo [10] and 
include the cantaloup melon, a dimpled and 
rough-skinned fruit grown in Italy in the fif- 
teenth century from seed brought from 
Armenia, and the honeydew melon, which 
probably originated in South-East Asia and 
was eaten by the ancient Egyptians and Per- 
sians. The watermelon probably had its 
origin in Africa. 

Melons and grapes are susceptible to 
damage by frost so their open air cultivation 
is restricted mainly to warm-temperate and 
subtropical climates, 

Temperate fruit trees are nearly all 
deciduous. Most can resist temperatures of 
below —7°C (20°F) during winter dormancy 
and many cannot grow in tropical or subtrop. 
ical climates because prolonged exposure to 
low temperatures in the winter is necessary 
for normal development 


6 The plum (Prunus 7 
domestica) is a 
hybrid of two other 
fruits, the cherry 
plum and the sloe. 


that have been der- 
ived from it are 

the mainstay of he 
plum and prune indus- 
tries of the world. 


7 The apricot also 

belongs to the genus 
Prunus but is loss 

hardy than the plum, 
requiring protection 
from frost and fungal 
diseas 


sugar and contain 
iron and vitamin A. 


KEY 


Apple blossom [A], parts). After the the fruit [B] is formed 
when examined, ies have been fert- from the receptacle 
shows features typical (usi wall while the ovary 


of an angiosperm 
flower — stigmas [1], 
stamens [2], petals [3], 
sepals |4] and an 
inferior ovary (5) 

(one that lies below 
the ot 


the flower parts fall 
away leaving the 
recoptacte (the "box" 
1g the ovaries) 
to become fleshy and 
swell and grow into 
the fruit, The flesh of 


wall remains as the 
leathery core. in other 
fruits different parts 
of the ovary structure 
may become the 
fleshy portions of the 
plant that are edible, 


flower 


9 The persimmon |s 

a tomato-shaped fruit 
grown extensively in 
China and Japan and 
introduced to southern 
Europe andthe 
United States in the 
19th century where it 
is grown only on a 
small scale. The yel- 
low-red fruit is rich 

in vitamins A and C 
and is astringent 
until it has ripened. 
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Tropical fruits 


Palm-fringed tropical islands laden with 
exotic fruit must have seemed like paradise 
to early Western explorers. Their first 
impressions were justified, for in the tropical 
regions of high annual rainfall and high 
temperatures the variety and luxuriance of 
plant life is unparalleled. 

Long inhabited by man, the tropics have 
provided fruits of great antiquity. The great 
oblong leaves of the banana plant [7], some- 
times 4m (13ft) in length, were said to have 
hidden the serpent in the Garden of Eden 
The banana was known to the Arabs, and the 
Roman scholar Pliny mentions that Alex- 
ander the Great saw it in India in 326 BC. The 
Islamic conquerors carried the banana to 
northern Egypt in AD 650 and later on to 
West Africa, Fifteenth-century slave-traders 
took it to the Canary Islands and from there it 
was introduced to the Americas, The banana 
finally reached Mexico with the Spanish 
conquistadores in 1531. There are now more 


than 100 varieties of the cultivated banana. 
Besides the sweet dessert fruits, there are the 
plantains for cooking and a particular form 
grown for making beer. 


2 Astonishing var- 
ety characterizes 
the tropical fruits 
Akee [A], although a 
fruit, is cooked as 
avegetable and 


fleshy cream-coloured 
arils, the edible 

parts of the akeo. 

Jack fruit [B], a 

giant which might 
weigh upto 31kg 


's like a fine (701b), may be eaten 
omelette.Whenthe  raworcooked. It 
fruitripensit hasan unpleasant 


bursts opentoreveal odour when cut, but 


3 A 


3 Native to Malay- 
sia, the red fruit ofthe 
rambutan [A] is cov- 
ered with soft spines. 
Its name comes from 
the Malay word for 
hair. Itis a close 
relative of the 

lychee and resembles 
itin size. The fruit 
hasa pleasant, 
almost acid flavour 


The citron [B] was 
one of the earliest 
fruits to arrive in 
the Mediterranean 
from the Orient. The 
pulp ofthe citron is 
extremely sour, but 
the thick, furrowed 
rind has an agreeable 
flavour. Cured in 
brine or sea water, 
this coarse outer 
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No tropical fruit, however, is as well: 
travelled as the coconut [2E], famed 
throughout the world as one of man's most 
bountiful providers. Growing along sandy 
coasts, the coconut palm’s ripe nuts are swept 
by oceans to many tropical shores. The soft 
eye of the husk produces a plant whi 
quickly takes root in new ground 


Statt of life 
The coconut not only contains an edible 
kernel and a natural, refreshing milk, but its 
fermented sap makes a heady toddy which, 
when distilled, becomes a potent spirit 

One of the most important oils is obtained 
from copra — the dried kernel, or meat, of the 
coconut. Coconut oil is used in the manufa 
ture of soaps and detergents, margarines and 
edible oils, and a host of other products. The 
husk itself yields coir, a tough fibre used in 
making ropes, mats and baskets, Mature 
palm leaves are also utilized in basketry and 
thatching and the trunk of the coconut tree is 
used as rough timber for constructing native 
huts and fences. 

The breadfruit [SA] is another invaluable 


the flavour of its 
creamy yellow pulp 
is more appealing. 
The sapodilla [C] is 
aCentral American 
fruit with rough 
brownskin and a 
slightly grainy pulp. 
The sweet, khaki 
coloured fiesh 


tastes like faintly 
astringent brown 
sugar. Itis eaten 
when fully ripe. 
Papaya, or pawpaw 
1D), sprinkled with 
lemon juice and 
sugar, is eaten for 
bre inthe 
tropics. Its smooth 


8 


and the skin resem 
bles a quilted fabric. 
The sweetsop, indig- 
enous to tropical 
America, is closely 
related to the, 

custard apple. 

The snow-white flesh 
ofthe mangosteen [D} 
is delicate intext- 

ure and has arather 
sweet-sour taste. The 


coveringisused to 
make candied peel, a 
popular confection. 
The custard apple 
(Clor bullock's heart 
of the West indies, 
belongstothe genus 
Annona, its soft, 
sweet custard-like 
pulp has given the 
fruitits name. The 
seeds are poisonous 


tree and is a staple food throughout the 
islands of Polynesia. The pulp of its fruit 
roasted in its skin before it is fully ripe, tastes 
like freshly baked wheat bread. The first exp- 
lorer to mention breadfruit was Captain Wil- 
liam Dampier on his return from Guam in 
1688. Captain William Bligh’s mission in 
1786 was to bring breadfruit plants from the 
Society Islands to the West Indies. The story 
of the mutiny on the Bounty is well known, 
but Captain Bligh’s later voyage in 1791 was 
successful and the breadfruit is now culti 
vated from Florida to Brazil 


Symbol of fertility 

One of the oldest Semitic representations of 
life and abundance was the multi-seeded fruit 
of the pomegranate tree [4C]. King Solomon 
had an orchard of the fruit and the pillars of 
his temple were decorated with carved 
Pomegranates, In Babylon it was served at 
wedding feasts and it played a similar role asa 
symbol of love and fertility in the Far East 
The fat, ripe fruits were thrown on the floor 
of the bridal chamber so that the seeds should 
burst from their smooth skins. Centuries later 


tenderize meat. 
The coconut [E] has 
a hard, fibrous outer 
shell anda hollow 
centre, Its flesh is 
most familiar inthe 
Westin its desic- 
cated form. The soft 
translucent flesh of 
an immature coconut 


skin ripens from 
greentoyellow or 
orange and its suc: 
culent pulp encloses 
‘small black-brown, 
seeds in its centre. 
Papain, an enzyme 
contained in the 


o E 


itbeen cultivated 
inthe West Indies. 
The flower ofthe 
passion fruit [E] is 
said to have given 
this fruit its 

name because it 
symbolizes the 
passion of Christ. 

The corona resembles 
the crown of thorns 
and the five sepals 


thick, dark purple 
rinds surround a cav- 
ityin which the pulp 
lies in segments like 
that of a mandarin 
The mangosteen has 
been highly valued 
in Indonesia and 

the Philippines since 
early times but 

only since the nine- 
teenth century has 


CONNECTIONS 


1 The importance of 
fruitas a food in the 
tropics is evident 
froma glance at the 
stalls in any of the 
street market 
Oranges and bananas 
areimportant 
crops and they are 
brought to market 
incarts by the 
growers at regular 
intervals and are 
displayed in an invit 
ing manner tothe 
passers-by. The 
growers judge the 
timing of their visits 
tofitin with growing 
schedules and 
consumer demand 


is enjoyed only in 
the tropics. One of 
the world's mostim: 
portant crops, the 
Coconut derives its 
name from coco-a 
Portuguese word 
meaning grimace ~be 
causeitresembles a 
grinning human face. 


and five petals have 
been interpreted as 
the ten Apostles: 
Judas, who betrayed 
Christand Peter, who 
denied Him, being 
left out. The passion 
fruit is a delicately 
flavoured and highly 
aromaticfruitwitha 
tough purplish, 
often wrinkled skin. 


the prophet Mohammed claimed another 
virtue for the pomegranate. He said that 
eating the fruit would banish envy and 
hatred, The pomegranate also became the 
emblem of Granada and Ibn-al-Awam, a 
thirteenth-century Moor, recorded some ten 
varieties of the fruit that flourished in 
southern Spain at the time, Spanish colonists 
probably took the plant to the New World 
and today it is grown in gardens from the 
warmer areas of North America to Chile. 


Fruits of hallowed legend 
Throughout history the fig [4A] has played an 
important role in mythological tales. Adam 
and Eve covered their nakedness with fig 
leaves and it is thought that the Tree of 
Enlightenment which grew in Buddha's 
garden may have been the bo, or sacred fig. 
In Latin myth the fig was held sacred to Bac- 
chus, god of wine, and was used in many 
religious ceremonies, It was also regarded by 
the Romans as a badge of prosperity because 
it grew over the wolf's cave where Romulus 
and Remus, the legendary founders of Rome, 
were discovered 


4 A 


4 Heavily seeded 
figs [A] belong toa 
family of more than 


variety. The swoet, 
ambrosia figs came 
from ancient Ebusus 
but the fruits in: 
digenousto anar 
mentionsthatslaves stretching from 

were not giventhe eastern Turkey to 
figseatenbyRoman —_northernindia. 

epicures, butanin- The durian [B], a 
terior home-grown 


5 In prehistoric 
times the breadtruit 
[A], fromatree 


rather fibrous. The 
fruit is baked or 
boiled, or sliced and 
fried like a potato, 
The inner bark of 
tree is used to mal 
cloth, and canoes are 
built from its wood. 
The soursop |B) is 


staple food. The skin 
ofthe ripe fruitis 
brownish-groen and 
the flesh white and 


6 A 8 


6 “Deliciousnessit- and South America, 
selt” is how Ameri- itis related to 
can writer Mark the custard apple. 

The loquat [B] is a 


native to China 
andhas been cultiv- 
atedin Japan for 


resemble a delicate 


ice-cream flavoured centuries. It 
often plantedin 
parks and gardens. 
The fruit is borne 
lands of Central inlarge, loose 


The fig is undoubtedly one of the earliest 
trees cultivated by man. It spread all over the 
Aegean and Levant centuries ago. It formed 
part of the staple diet of the Grecks and both 
fresh and dried figs are still so widely used in 
the Mediterranean that the fruit iscommonly 
called “the poor man’s food”, In southern 
Asia the leaves, bark and fruit of the sacred 
fig are used in folk medicine but in India it is 
planted as a religious object and revered by 
Brahmans and Buddhists alike 

The mango [SC] is yet another fruit held 
in great esteem in India. Akbar, the Mogul 
emperor who ruled at Delhi in the sixteenth 
century, planted an orchard of 100,000 
mango trees and one of the ancient names of 
the fruit stems from a Sanskrit word meaning 
food. Buddha also had a mango grove in 
which he found solitude for philosophical 
thought. The English name comes from man- 
kay or man-gay, a Tamil word adopted by 
the Portuguese in India, The tree did not 
appear in the Western Hemisphere until 
about 1700, when it was planted in Brazil 
‘The juicy mango varies in colour from yellow 
to orange and has a succulent spicy flavour. 
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South-East Asia, hi The flesh of the 


lant aromi pomegranate [C] is 
icate, creamy- densely packed with 
pulpofthis seeds that scatter 


when the fruitis 
burst. The French 


large oval fruit has 
asoft, glutinous 


quality. Butthe named the grenade 
fruit, despite its after the pomegranate 
foetid smell, is because of its sim- 
‘sweet to the palate, ilar properties 


c 


thecustard apple. 
Its sour-sweet pulp 
isused to mako 
soft drinks ai 


fruitwith a delic- 
atefragrance. lts 


sherbets. The heart- juicy flesh surrounds 
shaped,darkgreen a single flat seed. 
fruitis covered The mangois grown 


with fleshy spine: 
Theking of the 
tropical fruits, the 


asa garden plant 
throughout the 
tropical regions, 


- 


e 


clusters and hasan 
agreeably tart 


Burmaand Sri 
Lanka. The immi 
ture nut |C] provides 
arotreshing drink 
andthe soft kernel is 
edible. In India the 


whitish to orange in 
colour, surrounds 
three or four large 


seeds from which fruitis used mainly 
the plantis fre- for making sugar, A 
quently propagated. toddyis also made 
Borassus palm or fromthe fermented 


palmyra palm grows 
wild in South India, 


sugar and liqui 
provided by the palm. 


Tropical plantations 
producing exotic 
fruits for the world 
market are found in 
the inter-tropical 
zone stretching be- 
tween the Trop: 

icof Cancer andthe 


the 
face lies within this re- 
gion, Many of the 

crops charact 


o 


Its refreshing 


the. 
areas where it grows. 
The lychee [D] is 
of Chinese origin and 
isthefavourite 
fruit of the Canton- 
ese. The skins are 
hard and scaly, turn 


7 


7 The banana wi 
one of the first fruits 
tobe cultivated by 
man andis believed 
to have originated 
inthe Asian tropics. 
The banana “tree” 
isreally an elongated 
bundle of leat bas 
with a single flower 
ingstem emerging 
fromthe top, The 
fruits, growing in 
bunches called hands 
inlayers onthe 

fruit stalk, are 
produced without 
pollination and so 
have no seeds. 

They require 75to 
150 days to mature 


rincipal tropical fruit growing aroas 


monthto the next and 
crops are grown the 
year round. The 
mango, citrus and 
breadtruit trees are 
intensively cultivated 
in South-East Asia, 
the fruits of the guava 
and papaya trees in 
South America, 
Improved transporta: 
tion has sentthese 
luxuries to countries 
allover the world 


of tropical agricul 
ture are also culti- 
vated in warmer parts 
ofthe temperate 
zones, The plantation 
system is very old 
intropical areas, 


cane are cultivated 
inthis way. Tropical 
temperatures vary 
slightly from one 


ing from reddish-pink 
tobrown. Awhite 
juicy pulp surrounds 
ingle shiny brown 
seed. The lycho 


citrus-like kumquat 
[E] was originally 
cultivated in China 
and Japan and is 
used there mainly 


combines the subtle candied fruit. 
perfume of good- id flavour 
quality grapeswitha is excellent for 


delectable flavour. 
The small, oval, 


making marmalade 
or bottied preserves. 


and must be remove 


fromthe plant to Most bananas have 
ripen properly, yellow skins but 
After fruiting the some have skins that 


stemis cutdown or 

collapses anda new 

tree develops from 

younger buds on 

nderground stem, 
re several 


are red. These do 
not travel well and 


anasthat ai 
in starch. They 
cannot be: 
and are used only 
for cooking. The 

Canary bi 
introduced into the 


ich 


varieties of banana 
grown, each suitable 
foradifferent 
purpose, The best 


lity century by slave 
others such asthe traders and has now 
Cavendishare becom- become a staple food 
ingimportantinthe in many othe: 
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Sugar and honey 


Sugars are part of a group of chemicals 
known as carbohydrates and are found in a 
wide variety of foods. The most common 
forms are sucrose, glucose and fructose, Less 
sweet varieties are lactose (found only in 
milk) and maltose, which is a by-product of 
grain germination, A well-balanced diet 
already contains enough sugar to provide 
energy and supplements are unnecessary 


Honey and its formation 

The first concentrated source of sweetness 
available to man was probably honey, which 
was prized both as a food and a medicine, The 
association of honey with health has lingered 
to the present day. As it is an almost 
immediate source of energy its restorative 
reputation possibly has some slight basis in 
fact, but any other source of carbohydrate 
would do as well. Honey does have mildly 
antiseptic properties and can be used locally 
in the treatment of burns and cuts, 

Honey is a sweet, viscous liquid that 
varies in colour and taste according to the 
source of the nectar collected by the bee. 
Single-blossom honeys have quite distinct 


1 Commercial bee 
hives are divided into 
three or four sections 
called supers (2). 

In each is a frame 

[3] with a wax base 
used by worker beos 
[1] as a foundation 
for hexagonal cells 


id and honey is 
stored. The queen 
bee is confined to a 
brood or lower cham- 
ber by means of a 
grid [4] through 
which only worker 
bees can pass. They 
enter and leave the 
hive at the base [5] 


containing up to 90% 
water, then passes 
through a clarifier 
where heat and milk 
of lime precipitat 
impurities. A series 
of evaporators and a 
vacuum pan reduce 
the juice to a syrup 


tories near the cane 
fields, Cut cane is 
unloaded, washed, 


crushing rollers 
break up the cane 


and pass itto several known as molasses 
mills with rollers which contains sugar 
under hydraulic pr crystals. Separation 
sure of up to 600 of the crystals in 
tonnes per sq cm. a centrifuge produces 


These press out the 
juice, leaving a 
crushed cane mixture 
known as bagasse 


molasses and the 
raw sugar that is 
sent to refineries. 


1 Cut cane 
2 Washing bay 

3 Shredding knives 
4 Crushing roller 

5 Mills 


aid final juice ex- 
traction. The juic 
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flavours: herbs produce a light, aromatic 
honey while honey from pine flowers is 
darker with distinctly resinous overtones, 
The most common single-flower honey pro- 
duced by commercial beekeepers is clover, 
which és a pale amber and mildly flavoured, 
but heather honey is also common in some 
country districts, especially in Scotland. Most 
honeys sold today are derived from a mixture 
of blossoms since this involves less distur- 
bance of the hive during the production 
season (from spring to autumn [1, 2]), 

The honey bee (Apis mellifera) is a social 
insect with a rigidly organized life. There are 
three kinds of bee in each hive - the queen 
bee which lays the eggs, male bees (drones) 
which fertilize them, and female worker bees, 
The small worker bees build the wax cells in 
which eggs are laid or honey is stored. They 
collect nectar from the flowers in their honey 
sacs, The nectar is regurgitated and stored in 
the cells of the combs, where the honey forms 
by the conversion (inversion) of sucrose to 
glucose and fructose and the evaporation of 
moisture. 

Millions of flowers are needed to produce 


2 Honey in the hive 
is capped with wax 
by worker bees to 
keop it fresh for 
winter food [A]. To- 
wards the end of the 
season the frames 
are removed from the 
top two or three sup- 
ers and the wax cap 


11 Vacuum pan 
12 Grystalizor 
13 Centntuge 
14 Molasses 
15 Raw sugar 


9 Coagulator 
10 Evaporators 


1kg (2.2Ib) of honey but thousands of tonnes 
of honey are produced annually. Honey 
extracted from the comb may crystallize or 
granulate especially if it is held below 10°C 
(50°F), The honey can be cleared by gently 
warming the jar. Some honey is also sold in 
the comb and regarded as a delicacy, 


gar fads and facts 
‘The sugar extracted from sugar cane and beet 
[Key, 3, 4, 5] is sucrose. The juice can be 
refined to a point of more than 99 per cent 
purity to make white sugar, chemically one of 
the purest foods available. The brown sugars 
so highly prized as a health food contain a 
percentage of residue from the cane and beet 
crushing processes but are no more “natural” 
than white household sugar [8]. Any form of 
sugar, including honey, can be harmful if 
taken in excess, the surplus energy produced 
being stored in the form of fat which may 
contribute to heart disease. Sugar in sweets 
may cause tooth decay, 

‘The average daily consumption of sugar 
by the developed nations in 1975 would have 
been unthinkable even 200 years ago. The 


Honey is extracted 
from the comb in 
centrifugal machine 
IC] with a fine mesh 
basket which is ro- 

tated by a handle at 


3 The sugar cane 
rown commercially 
Saccharum offici- 
narum, a giant tropical 
grass growing to a 
height of 3-4.5m 


high spoed. The (10=16f1), The 
honey expelled drips cane can be grown in 
into areservoir and is most soil conditions 


run off through 
ining mesh into 
a ripening tank [D] 
where it is left to 
stand, thus allowing 


but must have a con- 
stant temperature of 
about 30°C (81°F) dur. 
ing the main growing 
period. Although it is 
tolerant of drier con- 
ditions, 75-125mm 
(3-5in) of rainfall a 
month are needed to 


a 


CONNECTIONS 


See aiso 
Wore tooa 
vege 

Spint and ebstny 


enable it to grow to 
2m (6.5tt), In most 
areas the cane is 
propagated from sec- 
tions of the main 

plant about 1m (3ft) 
long which are plant- 
ed in furrows [A] 

where dormant buds 
send down roots and 
produce shoots (8), 
Maturity is reached 
after one to two 
when moisture 


high-yielding sugar cane was introduced into 
Europe during the ninth century; cultivation 
was not successful. Supplies came instead 
from the Middle and Far East, through 
refining factories established there by Vene 
tian merchants at this time and the tradition 
continued for several centuries. The expan- 
sion of world trade during the fourteenth and 
fifteenth centuries encouraged the develop: 
ment of plantations in the New World, 
particularly the West Indies. Some South 
American countries now produce a sig 
nificant proportion of the world’s sugar and 
so does India, In the mid-nineteenth century 
production from sugar beet became impor- 
tant in the Northern Hemisphere and about 
40 per cent of the world’s sugar now comes 
from this source [5, 6, 7]. Recent enzyme 
research has proved that sugar can be 
manufactured very economically from maize 
and this may prove to be an important source 

in the near future 
Maple syrup is the reduced sap of the 
maple tree and is expensive to produce [9] 
The extraction and preparation of other 
tly and these 


natural syrups is equally 


tothe factory. The 
harvester scoops up 
the roots and re- 

moves the tops, which 
are left in the field 
either to be ploughed 
back or to provide 
fodder for cattle. 

After slicing and 
crushing, the juice 


5 Harvesting of sugar 
beet extends over a 
three to four month 
period during which 
time the factory works 
24 hours a day, Crops 
are timed and 
harvesting regulated 
to achieve an even 
flow of sugar beet 


7 World production 
of sugar is led by 
Brazil with its vast 
new cane growing 
areas. But the most 
concentrated sugar 
output in the world 
is achieved in 

Cuba with fertile 
plantations of cane. 


8 Light brown 


suga—___ag 


8 Ditferent grades 
of refined sugar re- 
sult from selection 
by crystal size 

They include granu 
lated and castor 
sugar, Icing sugar is 
milled toa fine pow: 
der and a chalky pow. 


have largely been replaced in the kitchen by 
syrups manufactured from cane or beet 
sugar. These include treacle and golden 
syrup, which are used to give both cohesion 
and taste to cakes and batter and as glazes for 
meats and root vegetables. Such syrups have 
a viscous consistency similar to honey andare 
artificially flavoured 


Honey-based beverages 

Honey and sugar syrups have long been used 
in medicine to help disguise the bitterness of 
herbal remedies. This is still a common prac- 
tice and mixtures containing honey and 
lemon are often taken to ease the symptoms 
of colds and influenza. Less common is the 
production of an alcoholic drink from honey 

A mixture of fermented honey and water 
forms mead, once a popular drink in northern 
countries where grape vines did not flourish 

During the late Middle Ages beer was intro- 
duced and this eventually relegated mead to 
the home brewers’ shelves, The name mead is 
derived from the Sanskrit word for honey 

mehdu, which may indicate that mead origi 

nated in the Middle E 


ast or Asiu. 


goes through similar 
processes to those 
Used in cane sugar 
production, although 
it takes about 7 
tonnes of beet to 
produce a tonne of 
raw sugar. Beet pulp 
and molasses are 
used as stock food, 


6 Sugar cane and 
sugar beet produce 
the same sugar but 
require completely 
different climatic 


Cotfes sugar 
cryatats 


Preserving 
sugar 


Dark 
Barbados 
‘suo 


damerna: 


der is added to pre. 
vent lumps forming 
Soft brown sugar. 
Demarara and Bar. 
bados sugars are tak- 
en out of the refin- 
ing process earlier 
and thus still con 
tain some impurities. 


‘Sugar can be extrac- 
ted from the stems of 
sugar cane or from 
the tap roots of the 
sugar beet, Sugar 
beet (Beta vulgaris) 
is a biennial planted 
as seed in spring to 
mature the following 
autumn, Mechanical 
drilling and thinning 
gives 30,000 beets 
per acra Woll- 
drained loam, tree of 
acid, is the ideal soil. 
Salt and chemical 
fertilizers are used 

to increase sugar 
content. Selective 
growth has produced 
a single tap root from 
which soil is easily 
removed after harvest 
ing. Sugar beet now 
forms part of crop 
rotation in most 
European counties, 
Canada, Japan and 
Russia. Sugar is 
extracted in much 
the same way as from 
sugar cane but the 
yield is lower 


conditions, The cane 
is grown as a single 
crop in ares 

the tropics of Can 
cer and Capricorn, 


Sugar beet forms part 
of regular crop rota. 
tion in Europe, 

Russia and North 
America, whore it is 


also a source of food 
for cattle, Moro re- 
cently beat has been 
grown in both Japan 
and South America 


9 Syrups can be de 
rived naturally from 
plants or produced 
antiicially. A 
distinctively dark 
and resinous syrup 
is collected from 
the maple in Canada 
and North America, 
particularly the 
New England states 
North American In 
dions used the sap 
of these trees to 
boil down a syrup 
Jong before the 
arrival of Euro 
peans. In much the 
same way as rubber 
is obtained, the 
sap is tapped as it 
rises in early 
spring. Maple syrup 
is considered to be a 
luxury because it 
requires about 40 
litres of sap to make 
a litro of syrup. 
Other plants that 
contain small quanti 
ties of sweet, thin 
syrup are the date 
palm, palmyra and 
coconut. Artificial 
syrups are cheaper 
to produce and con 
sist mainly of sugar 
boiled with water 
to make a viscous 
liquid. Those pro. 
duced during the re 
fining of cane or 
beet sugar include 
black” treacle and 
golden syrup. 
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Origins of wine 


The history of wine has marched hand in 
hand with the history of Western civilization 
In the surviving artefacts and records of the 
ancient peoples of the Mediterranean - 
Egyptian [1], Phoenician, Minoan, Greek — 
the vine and its juice are always present: in 
the evidence of daily life and worship, myth 
and poetry. The Mediterranean itself, a 
maritime market place crossed by early 
traders, was the “wine-dark sea” of Homer 


Greek and Roman vineyards 
The arrival of the vine in those European 
countries with which it is now principally 
associated probably coincided with the 
spread of Greek influence several hundred 
years before Christ, It was then that the vine 
was first planted on sites where it was to settle 
so happily ~ Italy and France, It is also likely 
that at that time vineyards were first estab 
lished in Spain and in North Africa, 

The wines of Gre 


themselves praised 


and generously documented by its poets, 
might not have been admirable by modern 
standards since they were mixed, diluted with 
water, and often spiced and seasoned. Such 


1 The vine was cul- 
tivated in Egypt in 
about 6000 BC. On 
the wall of the tomb 
of Nakht, an official 

of Thebes who lived 
about 1,500 years 
before the time of 
Christ, there is a mural 
showing a group of 
men treading the 
grapes ina vine ar 
bour. Wine was safer 
to drink than water 


2 Medieval workers 
are seen tying up the 
vines and harvesting 
grapes in these 
woodcuts which were 
used to illustrate 

the 1493 Speyer ed: 
ition of Piero Cres: 
centio’s Opus Rural: 
ium Commodorurn, 
These crisp and ex. 
pressive woodcuts 
have been reprinted 
repeatedly ever since. 
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wine might have tasted like vin rosé 
hon 


and 
perhaps with a touch of muscat, 
perhaps with a taste of resin and possibly with 
concentrated flavourin, 

Italy, to the Greeks, was the “Land of 
Vines” and to the Romans posterity owes its 
greatest debt. They took the vine to Gaul, 

The greatest Roman writers, including 
Virgil, wrote instructions to wine growers 
One sentence of Virgil's - “Vines love an 
open hill” ~ might be called the best single 
piece of advice that can be given to a wine 
grower, There has been much speculation 
about the quality of Roman wine. It appa 
rently had extraordinary powers of keeping, 
which in itself suggests that it was very good. 
The great vintages were drunk and discussed 
for longer than seems possible, The famous 
Opimian ~ from the year of the consulship of 
Opimius, 121 BC — was being drunk even 
when it was 125 years old 


Wine follows the legions 

The Romans had all that was necessary for 
ageing wine. They were not limited to 
earthenware amphorae like the Greeks 


3 Wine played an 
important role in 
ancient life. The 
Romans used wine: 
making methods that 
have changed only 
little with barrels 
and bottles similar to 
those used today, 
A4th-century Roman 
‘mosaic [A] shows 
grapes being trampled 
in a trough. Earlier 
still, a Greek feast 

1B] is shown on a 
wine vase of about 
480 BC which is now 
in the British Mu- 
soum. Such scenes 
were a favourite 
motif of Greek vase 
painting. The guest 
on the left is play 

ing the then fash- 
ionabie after-dinner 
game of kortabos. 
This consisted of 
throwing the dregs of 
the wine in the cup 

at a target — a dish 
delicately balanced 
on a pole. The game 
was popular enough 
tor partygoers to be 
coached in the finer 
points of “wine 
wasting” sessions 
Only the most deter 
mined drunkards 
took their wine neat 
without diluting it or 
mixing it with 

other beverages. 


although they did use these, They had barrels 
like modern barrels and bottles not unlike 
modern bottles. It is possible that the Italians 
of 2,000 years ago drank wines slightly 
similar to those of their descendants today 
young, casually made, strong. 
according to the summer weather. The 
Roman practice of training of the vine up 
trees, in the festoons depicted in the friezes 
on classical buildings, is still practised, 
particularly in some parts of southern Italy 
and in northern Portugal 

In the first centuries after Christ, when 
the power of Rome was at its greatest in 
northwest Europe, the vine followed in the 
footsteps of the legions [7]. By the time they 
withdrew in the fifth century they had laid the 
foundations for almost all the greatest vine- 
yards of the modern world 

Starting in Provence where vineyards had 
thrived for centuries (those of Marseilles ~ a 
port established by the Greeks- and the Lan. 
guedoc had been planted by the Greeks), the 
vine spread up the valley of the Rhone and 
cither by sea or overland to Bordeaux in the 
first century. It arrived in Burgundy and the 


sharp or 


— af 


4 In the Bayeux 
tapestry, Bishop Odo 
of Bayeux and half 
brother to William 
the Conqueror, 
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See also 


blesses the wine 
before the departure 
from Normandy 

and the historic in: 
vasion of England, 


Loire [6] next and finally reached the Rhine, 
Mosel and Champagne 

All the early developments were in the 
river valleys, the natural lines of communica- 
tion, which the Romans cleared of forest and 
cultivated. Wine is a heavy commodity to 
carry and boats would have provided an effi- 
cient means of transport. Of the great French 
wine regions, only Alsace and Champagne do 
not have Roman origins. 


Spreading far and wide 
The vineyards of France and of the Roman 
homeland survived the savageries of the 
Dark Ages following the fall of the Roman 
Empire. The forays of the Viking raiders, 
using the great rivers of western Europe- the 
Rhine, Seine, Loire, Gironde and Rhône - 
took them not only to settlements to sack, but 
also to the vineyards, They left their mark 
Some historians believe that the Vinland of 
Norse sagas was a region of northeastern 
America in which Viking mariners found 
wild grapes at the end of the first millenium. 
Throughout the Middle Ages vine 
growing flourished, most of it under the con- 


5 A late 18th-century 
tapestry in the Musée 
de Cluny in Paris 
shows the nobility 
taking an active 
interest in the work 


of the vintage as 

the crop of grapes 

is gathered and 
pressed, on the banks 
of the Loire. The 
region is noted not 


6 The long march * © @ 
west of the vine from 

its likely origin 
in the Caucasus 
or Mesopotamia 
n 


I Fertile 
Crescent - began in d 
about 3000 BC when a 


it reached Phoenicia 
and Egypt [2] whero 
it was planted. By = 
2000 BC it was to be 
found in Greece and 
Crete [3] and 1,000 
years later it was 
growing in Italy, 
Sicily and North 
Africa |4]. In 500 
years it had reached 
Spain, Portugal and 
the south of France 
[5], and eventually 
farther north (6). 


© 
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trol of the powerful Church, Expanding 
religious orders cleared hillsides and walle 
round fields of cuttings; dying wine growers 
and proprietors bequeathed vineyards to the 
Church, which used them to support many 
“hospices” ~ hospitals and homes for the 
aged — which survive today. Wine was essen- 
tial not only in ritual but also as a medicine, 
restorative and disinfectant. For centuries 
the Church owned many of the greatest vine- 
yards of Europe. By the sixteenth century 
wines were being made in Mexico in the New 
World and in the seventeenth century they 
were produced in South Africa 

Until the seventeenth century wine spent 
its life, as it had mostly done in Roman times, 
in casks. If bottles were used they were 
simply carafes for use at the table. The redis- 
covery of the cork some time in the seven: 
teenth century, and its sequel - the discovery 
that wine in a tighly corked bottle lasted 
much longer than wine kept in a barrel — 
brought about a wine revolution. The rise of 
the great estates and the evolution of modern 
wines dates, therefore, from the eighteenth 
century ~the Age of Enlightenment 


only for the wine ~ gre 
red, white and pink, 
still and sparkling ~ 
but also for some 

of the most mi 
ficent of France's 


t chétoaux. 
The valley of the 
River Loire is the 
longest in France 
- more than 960km 
(600 miles) long, 


a) T) (G) 7 The most sump- 
tuous of the famous 
prayer books of the 
Middle Ages was the 
Très Riches Heure 
with 39 illustratio 
painted by Pol 
Limburg and his 
brothers for Jean, 
i Duc de Berri, about 
y 1416, at the height 
Í 5 of the 100 Years 
War. In this prayer 
book the month of 
September is repre- 
Í| sented by the pop- 
ular annual work at 
vintage time, 
with grapes being 
gathered beneath 
the battlements 
of the fairytale 
castle of Saumur. 


Key 


if not a bloated 
mannikin. In a mosaic 
from Pompeii, now in 
sa the Museo Nazionale 
ure, in Naples, he rides 


The Romans inter- 
preted the graceful 
Greek god of the 
vine, Dionysus, 
more fleshy cr 


his traditional mount, 
a tigron, and drinks 
from a brimming 
pot, The Romans 
called him Bi 


oe i 


Vines and grapes 


Wine is the fermented juice of the grape. 
Every drop of wine represents rain recovered 
from the ground through the mechanism of 
the grape-bearing plant, the vine 

The classical European wine-vine, Vitis 
vinifera, one among many vine species 
(which include the common Virginia 
creeper), had its original home in Asia, Since 
carliest times, varieties of the species have 
been selected and propagated for various 
qualities, both for wine-making and for 
cating, Today there are 5,000 or more named 
varieties. Of these perhaps 200 and also a 
handful of varieties of the native American 
Vines are commonly used for wine, and fewer 
than 50 are important to a wine-lover. But at 
least a dozen of these are all-important. They 
determine ~ along with the climate, the soil, 
the topography and the maker's technique = 
the style and character of wine. 


Cultivation of the vine 

A vine is a climbing plant that uses tendrils to 
grip and reach the tops of tall trees, Ancient 
wine-growers let the vine grow naturally; the 
Romans planted elm-trees for its conveni- 
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ence. To this day such methods survive in 
parts of Italy and Portugal. 

A modem vineyard uses very different 
techniques. The vine has become an indust- 
rial plant, pruned to put out a precise number 
of canes, which bear fruit and are then cut off 
each year. The grower thus limits its produc- 
tion to the number of bunches of grapes it can 
ripen fully, given satisfactory weather. As a 
result the exact desirable yield of each vine 
and each vineyard can be assessed, and in 
many areas legally enforced - excess wine 
may have to be disposed of for distilling. The 
general quality of wine is certainly much 
higher as a result of these controls. 


Methods of propagation 

Vines, like most other plants, will reproduce 
from seed, but this method of propagation is 
impractical since the seedlings produced can 
differ markedly from their parents and from 
each other. Seeds (pips) are used for the 
production of new varieties by crossing 
existing varieties, but new vineyards are 
planted with cuttings, either on their own 
roots or. more usually, grafted to a rooted 


1 Wine has its 2 
origins as water in the 
soil. The vine 

aches for it and for 
nutrients in poor soil 
by exploiting an area 
both deep and wide, 
as shown in thi 
‘cross-section of a 
vineyard in the 
Médoc. Gravel and 
sand are important for 
quality as they make 
the ground permeable 
toa great depth, let 
the rain run through 


net vine [1] trained on 
wires, bears fruit. 

A 20-year-old vine 
(2) is in its winter 
state, pruned and 
with earth banked up 
round it as protec- 
tion. Surface pebblos 
[3] stained with cop- 
per sulphate (4], are 
sprayed on the vine 

it infection 
by fungi, 
Clover [5] is often 
ploughed in as fer- 
tilizer, Pressed skins 
[6] are also spread 
on the ground, The 
top 30cm (12in) [7] 

is pebbly and sandy 
with few roots. 

A layer of mari [8] 
was brought from 


spread out from it. 
The next layer [9] 

is compacted sand 
and useless; main 
roots pass through 
itto another thick 

layer [10], sandy and 
gravelly but organ- 
ically richer. Roots 
flourish there but 

are checked by a 
compacted layer of 
sand at 1.2m (4ft) [11]. 
Below this, different 
colours of sand [12, 


3 The vine is prey to 
a number of pests and 
diseases, among them 
the grub of the coch. 
ylis moth (Al which 


13, 14] lie in clearly eats flower buds, 
defined layers. The Another pest is a tiny 
grey areas (13) are red spider [B] that 
Pockets of damp sand sucks sap from the 
where the rootlets undersides of the 
can spread out to leaves, Mildew [C] 


exploit the moisture, attacks anything green, 


cutting of another species. Great care is taken 
to ensure that the parent plant is healthy 
before cuttings are taken. The little slips are 
put into sand in the nursery fora season, until 
they form roots, They are then planted in 
rows in traditional vineyards, one metre (39 
inches) apart — and increasingly two or even 
three metres apart; experiments have shown 
that the total yield of the vineyard in wine 
remains the same with half as many vines 
exploiting the same volume of soil 

As the vine grows old, its roots penetrate 
deeper into the earth, While it is young and 
near the surface, they are quickly affected by 
drought or floods - or the spreading of 
manure (which, put on the land top liberally, 
can affect the taste of the wine); the vine has 
little stability. But if the soil near the surface 
does not provide enough food, the vine will 
send its roots down deep. This perseverance 
is often rewarded by its discovery of valuable 
resources far from the surface [1]. 

Unfortunately the vine is subject to all 
manner of diseases, Some varieties are so 
susceptible to one particular disease, such as 


mildew [3], that they are gradually being 


Mildewed grapes 
never ripen properly 
and have a peculiar 
taste. Oidium, or 

powdery mildew [D], 


4 Deadliest enemy of 
the vine is Phylloxera 
vitifoli, Eggs and 

larvae [A] develop in- 
to a root-eating form 


is often more serious. [B] which in the 
It rots the stalks, 1870s spread so much 
shrivels the leaves that it almost de 


and splits the 
grapes, ruining the 
wine and finally 
killing the vine. 


troyed the vineyards 
of Europe. It was 
found that the roots 
of the native Ameri 


OO 
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2 A Riesling grape 

is still green a month 
before the vintage, 
and will have reached 
about half its final 

size. As it ripens, it 
becomes translucent 
gold, with distinctive 
dark speckles upon its 
skin. The stalks are 
usually torn off before 
the grapes are pressed 
in present-day win 
making. Formerly 
they were left on, but 
they made the wine 
watery and sometimes 


uable colouring matter. 
The pulp divides nai 
urally into three zones, 
Zone 2 gives up its 
juice in the press first, 
before the two zones 
in contact with pips 
and skin. This juice 
makes the best wine, 
The pips must come 
through the press un- 
scathed or they will 
make the wine bitte 


can vine (Phylloxera 
came from America) 
were immune. Virtually 
every vine in 

Europe had to be 
pulled up and replaced 
with a European cut- 
ting grafted on to a 
rooted cutting from 

an American vine. 

The pest's winged 
form is also shown [C]. 


abandoned altogether. The best combine 
hardiness with fine fruit, although rarely with 
a very generous yield. 

One insect pest is disastrous: Phylloxera 
[4]. This little creature lives on the root of the 
vine and kills it. In the 1870s it almost de- 
stroyed the vineyards of Europe, The pest 
came from America, and so did the cure. By 
replacing the vines with European cuttings 
grafted on to a rooted cutting of American 
stock, Phylloxera was defeated because 
native American vines were found to be 
immune to the plague. 


Natural selection 

In the wine-growing districts of the Old 
World, the natural selection of the variety 
that does best, and gives the best quality com 
bined with reasonable quantity and reason 
able resistance to disease, has taken place 
gradually over the centuries. In many places 
(the Port country, Chianti, Bordeaux. 
Chateauneuf-du-Pape, among others) no 
one grape provides exactly what is needed 
The tradition is either to grow a number of 
different varieties together, or grow them 


5 5 The Gamay grape 
makes first-class 

wine only on the 

granite hills of 

Beaujolais; inthe 

rest of Burgundy it 

is an inferior var 

ety and elsewhere 

it is dull, except in 

California where it 

is used for rosé. At 

its best it produces 

an incomparable wine 

that is light and fruity 

At the present time 

it is inclined to 

be over-sugared, with 

the result that the 

wine tends to be 

too strong and 

dry on the palate, 


6 6 The Semillon grape 
under certain con- 
ditions is subject 
to “noble rot 
Given the right 
conditions of warmth 
and humidity, a norm: 
ally undesirable fun- 
gus softens the skin 
and lets the juice 
evaporate, concen 
trating the sugar and 
flavouring elements 
and producing a 
creamy wine. The 
finest wines of Sau: 
ternes are made in 
this way, with some 
of Sauvignon. Semil 
lon is extensively 
used in Australia. 


7 7 The white grape of 
Anjou and Touraine 
onthe River Loire 
is Chenin Blane 
It gives a " nervy” 
intense wine, with 
honay-like quali 
ties when itis 

> very ripe. It always 
has a high acidity 
and therefore ages 
well. Among its 
finast wines are 

Vouvray, Coteaux du 

Layon, Savenniéres. 

At Vouvray, itis 

also used to make a 

sparkling wine. It is 

often called Pinot 
de la Loire, and in 

California (where it 

is successful) White 

Pinot, mistakenly, 


separately and then blend the resulting wines, 

In the main wine districts of Europe, wine 
is known by the vineyard in which it 1s grown 
rather than by the kind of grape that goes into 
it, The choice of grape is so customary that it 
is taken for granted and laws usually make 
the traditional variety a condition of using the 
traditional wine name, White burgundy, for 
example, to be called white burgundy, must 
be made entirely of Chardonnay grapes [8] 
Ampelography ~ the study of grapes — is one 
of the most delicate and difficult studies con 
nected with wine. 

Today. many new hybrids are made, a 
process that seeks to combine the best qual 
ities of different types of wine, but none has 
yet achieved the quality of the old vinifera 
varieties. In the New World the choice of 
grapes is not a question of tradition but of 
judgment; a realistic balance of quality 
quantity and hardiness. Hence the best wines 
of the New World use the grape name to 


specify the character of the wine, so that toan Nurturing and protect 
ing Franco's 

1,200,000 hectares 

of vines is increasingly 

difficult. Near Sau: 


ordinary Californian, the words "Cabernet 
Sauvignon” [9] are more familiar than they 
are to a Parisian connoisseur 


8 8 Chardonnay is the “n 

grape of white 
‘ burgundy (Chablis, 
Montrachet, Meur: 
sault and Pouilly 
Fuissé) and also of 
champagne, Chardon: 
nay gives a firm, full 
j strong wine with 

scant and character 

on chalky soils it 

can become almost 

luscious without 

being sweet. Its 

wine ages weil and 

is produced in 

a number of countries, 

notably in northern 

California where it 

rivals classic 

white burgundy 


9 Cabernet Sauvig. 12 
non is the small, tough 
skinned grape that 

gives distinction to the 
wines of Bordeaux, 
although it is always 
blended with Merlot 

or Malbec. Tho best 
Mèdocs have up to 

80% Cabernet, but in 

St Emilion and Pom 

orol, Cabernet’ 
farior cousin, Caber 
net Franc, is used. 
Cabernet Sauvignon 
is widely planted in 
Australia, Chile, 
South Africa and 
California, All 
Cabernet ages 

well in the bottle, 


10 Pinot Noir is the 
single red grape of 
the Cote d'Or in 
Burgundy (Chamber 
tin, Romanée, Corton, 
Beaune); it is the 
world's best wine 
grape in the right 
place. In Champagne 
itis pressed before 
fermentation to make 
white wine, which 
becomes the greater 
part of the best cham: 
pagnes. When it is 
good, its wines are 
ā profound pleasure. 
it transplants less 
well trom France, but 
it does grow else. 
where in Europe and 
quite satisfactorily 

in California 


mur. onthe Loire, (Bordeaux mixt 
farmers spray theit and sulphur powder 
vineyards in midsum- to prevent infection 
mer with a solution of by fungus pests such 
copper sulphate as mildew and oidium. 


11 The Muscat grape 14A 
can be black or white, 
Some of the first vine- 
yards planted by the 
Greeks in France 
were Muscat, It 

proad from the Ao 
gean to the Crimea, 
Sicily, Italy and 
to southern Spain, ” 
All Muscat wine, ex sý 
cept from Alsace and 
Bulgaria, is sweet 
The best in France 
comes from Beau: 
mes de Veniso near 
Avignon. Muscat 
wines are made all 
over the world. To: 
day Australia makes 
some of the best 


12 Sauvignon Blanc 
is the chief white 
Bordeaux grape, used 
with Semillon and a 
little Muscadelle to 
make dry Graves and 
Sauternes. It 

a cloan, lighter 
wine on its own else: 
where. Its singular 
groon and smokey 
character is most 
clearly seen in the 
wine made on chalk 
and alkaline clay at 
Pouilly and Sancerre 
on the Upper Loire; 
in Chile; and inthe 
Livermore and the 
Santa Clara val 

leys of California. 


13 Grenache is a 
sweet grape with a 
character of its own 
but not a great deal 
of colour. It is used 
in a blend to make 
Chateauneut-du-Pape 
and, on its own, to 
make Tavel, the best 
rose from the Rhône 
valley, Grenache is 


14 First buds |A] 
known as Garnachato appear on the vine as 


the Spanish of Rioja, 
where itis the 

most important red 
variety. It is used 
for dessert wines at 
Banyuls on the 
Franco-Spanish 
border and for light 
roses in Australia 
and California that 
usually bear its name. 


early as April in 
northern Europe; the 
stalk, leaves and 
tendrils [B] come 
next. Flower buds 
IC] are formed in late 
May or early June 
and are closely 
followed by the flow 
ers [D] from which 
the grapes develop. 
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Wines of the world 


Crushed ripe grapes, left to themselves, fer- 
ment and make a wine of sorts. A brewer is a 
cook; he must heat and mix - but a wine- 
maker is barely more than a spectator, at the 
most an umpire, controlling an entirely 
natural process. 

‘Thus a modern winery (a factory where 
wine is made) is essentially the same as the 
traditional small property, which in Bor- 
deaux goes by the (usually misleadingly) 
grand name of chateau, and in Burgundy and 
Germany domaine. The difference is one of 
scale and also specialization. A private estate 
normally makes one, at the most two, types of 
wine. A winery often makes a dozen, 

As to scale, a Burgundian grower (in Bur- 
gundy properties are on the whole smaller 
than in Bordeaux) may make as little as 
twenty 230-litre (50-gallon) barrels a year, 
while the vast E, & J. Gallo winery in Mod- 
esto, California, the world’s largest, makes, 
bottles and distributes something in the order 
of 300 million bottles of wine a year, 

What all growers have in common is the 
yearly round of duties divided between vine- 
ird and cellar, These are described here as 


The chateau was 
probably built about 
1830 and like many 
inthe Médoc region 
of Bordeaux it was 
given an air of 
importance above 
its station 

ary family 


1 Atypical small 
wine chateau in the 
Médoc, on which ti 
drawing is broadly 
modest, 
Specialized farm 
where the methods 
are up to date 
without being 
unusually modern, 


they occur in the life of a small and fairly 
traditional French farmer, who is conscien- 
tious about the quality of his product and sells 
most of his own wine to private clients ~ a 
very common practice in France. 


A year’s hard work 

‘The year begins with pruning Traditionally, 
this was started on St Vincent's Day, 22 
January, but nowadays it begins in 
December. Even if there is no snow, the 
ground is often frozen, but the sapless vines 
will survive temperatures down to about 
18°C (—1"F). Indoors, the barrels of new 
wine from the September vintage must be 
kept full to the top and their bungs wiped 
every other day with a solution of sulphur 
dioxide as a disinfectant. In fine dry weather, 
bottling of the older wine can be done. The 
bottles are then labelled and packed for ship- 
ment to various parts of the world, 

Pruning is finished in February, when cut- 
tings are taken for grafting, They are grafted 
on to root-stock, then placed in sand indoors. 
Copper sulphate — Bordeaux mixture — is 
ordered for spraying later on in the year. In 


land {1} beside the 
stream is usoless 
for growing 
vines but the stream 
itself is useful 
for draining 
the vineyard. The 
r 2) 
amples of the 
chateau's and its 


neighbour's wines 

going back more 
than 50 years. 
Fodder and farming 
equipment, including 
the tall tractor 

used for straddling 
the vines, are kept 
in the barn [3] 

In the second-year 


and its vineyards 
are as close to a 
complete industry as 
it is possible to 

be. Itisasifa 

knitwear factory 
bred its own sheep, 


ape 
ed from them by 
atip-up cart. The 


and to form his 
first impressions 
of its likely quality, 
The maitre de chai 
(chaiis the cellar) 


garments, The ripe 
grapes are gathered 
in by pickers ~ 

ohen students - using 


measures the sugar 
content of his must 
19)- and hence the 
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alcohol content of 
his wine — with a hyd- 
rometer. Grapes go 
Straight into a 

fouloir égrappoir 

[10] to be crushed 
and pumped into a 
fermenting vat 

Stalks are ripped 
off and emerge 
‘Separately. Sulphur 
dioxide in powder- 
or liquid form [11] 
is sprinkled on 

the grapes or into 


cuve at about 10g 
(0.35 oz) for each 
100 litres as 
disinfectant, The 
fermenting vat [12] 
is being filled 
80% full to 
allow room for 
seething movement, 
Every morning and 
evening, the ferment- 
ing wine is pumped 
upand sprayed 
‘over the floating 
‘cap" of skins [13]. 


fine weather, when there is a new moon and a 
north wind (that is, when there is high atmos- 
pheric pressure), the new wine is “racked” 
into clean barrels to clear it. The new wine is 
“assembled” in a vat to equalize the casks. 

In mid-March, the vine begins to emerge 
from dormancy, the sap begins to rise and the 
brown sheaths fall from the buds, Any 
unfinished pruning is now completed and the 
tall tractor begins to move down the rows, 
turning over the soil to aerate it and to 
uncover the bases of the vines. The first 
racking of last year’s wine is completed 
before the end of the month, Some mys- 
terious sympathy between the vine and the 
wine is supposed to start the second 
fermentation when the sap begins to rise. The 
casks are kept topped up and bottling of last 
year’s wine is finished 


‘The developing vine 

Ploughing comes to an end in April, the 
vineyard is cleaned up and one-year-old cut- 
tings are planted out from the nursery, Late 
vegetation is desirable, to escape the effect of 
late frosts. Indoors, topping up of casks con- 


chai |A], barriques 
{which hold 24 dozen 


in nearby Bordeaux. 
The bottle cellar 
has an important 
role to fill, for no 
good red Borde: 


make way for a 

new vintage, Some 
of the bottlin 
carried out hi 
the chateau and some 
is done by négociants 


in the bottle for at 
least two years. The 
vineyard's full-time 


This is remontage; 
infine years it 
is pumped via an 


the wine. From the 
oak cuves, or vats 
in which it has 


open tub to 
aeration. The hyd. now goes to cuves 
raulic press [14] will of cement [15] in 


press the skins to 
extract the remain- 
ing one-fifth of 

the wine after the 

rest has been run 

off. The deeply 
coloured vin de 
presse is now mixed 
with the rest of 


which it winters, 
going through the 
gentle secondary 
malolactic ferment- 


rids it of malic 
acid, making it less 
harsh. In February 

the wine is pumped 
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workman live 
cottage on the 
premises [5]. Close 
by is the proprie- 


na 


rgə-scale plans 
ofthe chateau and 
the vineyard, showing 
every barrel and vine. 


into oak barriques 
(hogsheads) in the 
first-year chai 116] 
although at somi 
chateaux the wine 
goes straight into 
barrels. The bar. 
riques are stoppered 
with loose glas 
bungs and here the 
wine stays for a 
year, topped 

up and occasionally 
“racked” into a 
fresh barrel, 


tinues — five per cent of the wine evaporates 
through the sides of the cask in a year and 
there must be no empty space in the cask. 

Frost danger is at its height in May. On 
clear nights, when it is likely to strike, small 
stoves are taken out among the vines and 
workmen sit with them to keep them fuelled. 
The soil is worked again and the vines are 
sprayed against oidium and mildew. Suckers 
that drain the vine’s energy are removed. As 
the vines begin to flower, the second racking 
of last year’s wine takes place indoors. 

The vines flower at the start of June, The 
weather is critical at this time ~ the warmer 
and calmer, the better. After flowering, the 
shoots are thinned and the best ones tied to 
the supporting wires. The second racking of 
the new wine finishes. 

The vines are sprayed with Bordeaux 
mixture in July. The ground is cultivated 
again to keep down weeds. Long shoots are 
trimmed and vine growth begins to slow 
down. 

In August, the vintage is approaching. 
Black grapes turn colour, General upkeep, 
and the cleaning and preparation of the vats 


2 


@ 


caked grapes. The 
juice falls into a 
trough [8] and goes 
into a fermenting 

vat [9], it may be 
fermented completely 
to make dry wine, the 
process can be halted 
before all the sugar is 
used up to make sweet 
wine, or the wine can 
be bottled before fer 


2 To make white wine 
white [1] or red 


stalks and pumps the 
broken grapes Into a 
horizontal press [4]. 
The screw brings the 
end plates [5] together 
and the chains [6] and 
hoops [7] break up the 


AN 


Dry wine 


and casks to be used, keeps everyone busy. 

September is the vintage month. In about 
the third week the grapes are ripe and picking 
begins, The cuvier where the wine will be 
made is scoured out and the fermenting vats 
filled with water to swell the wood. 


‘The vintage ends 

The vintage continues for about two weeks 
into October. Once it is over, manure is 
spread on the ground and the land for new 
plantations is deep-ploughed, The new wine 
is now fermenting. the year-old wine is given 
a final racking, The barrels are now bunged 
tightly and rolled a quarter-turn so that the 
bung is at the side. 

In November, manuring is completed and 
the vineyeard is ploughed to throw earth up 
over the bases of the vines to protect them 
from frost. Wine for bottling is racked and 
“fined”. December arrives again; if soil has 
been washed down from the tops of slopes, it 
must be carried back and redistributed 
Casks must be topped up frequently and 
older wine can be bottled, Out in the vine- 
yard, pruning begins again, 


Wino pressod 


Rosé wine from sking 


‘mentation is complete 
to make sparkling 
wine. Dry wine may 
be distilled [10] to 
idy. For 
red grapes 
[2] are crushed [11] 
and fermented with 
their skins in a vat 
[12]. The colour and 
the tannin are 
absorbed from the 


skins and when the 
fermentation is com: 
plete, after about 14 
days, the wine is 
drawn off [13]. For 
quicker-maturing 
wine the modern 
procedure is to take 
the wine off the skins 
after a few days to 
finish fermenting 
separately. The 


Chateau Langos- 
Barton, in the Bor- 
deaux region of 
western France, was 


i 


(AE AAA | 


Red wine 


skins are pressed |14) 
by a hydraulic ram 
[15] and the resulting 
wine is usually mixed 
with that first drawn 
off. The cake of 

skins left in the press 
is called marc and 
can be used as fer- 
tilizer or distilled to 
make a cheap brandy. 
Rosé wine is put 


built in 1758. hs 
wine is a typical 
St-Julien which is 
regarded as the 


through the same 
process as red, but is 
drawn from the vat 
[12] when only alittle 
pigment has been 
absorbed from the 
skins. It completes 
its fermentation in a 
second vat [16] 

Port and other fort- 
ified wines are made 
from red grapes, 


epitome of classical 
claret. The region 

has good drainage 
and climate for vines. 


which are trodden in 
a trough [17] to colour 
the juice with the 
skins. The juice is 
fermented in a vat [18] 
until half its sugar is 
converted into alcohol 
and brandy from 

the still [10] added to 
stop fermentation and 
raise the alcohol 
level to above 15% 


699 


i 


Beer and brewing 


Beer, rather than wine, is the traditional 
drink of those countries in which grapes 
cannot flourish. The making of beer and ales 
= brewing - has been known for many 
thousands of years. Some form of brewing 
was carried out in Babylon about 4000 BC 
[Key]. The ancient Egyptians were also 
familiar with brewing and passed on the 
knowledge to the Greeks from whom the 
Romans learnt the skill. Brewing, using a 
mixture of corn and honey, developed 
independently in northern Europe 


The composition of beers 
The basic materials used in brewing are grain 
(the source of sugars), which is usually barley 
(but wheat, rice and maize are also used) and 
yeast, which breaks down the sugars by 
fermentation to form alcohol and carbon 
dioxide. The use of hops as flavouring 
became widespread in England after the six- 
teenth century, It was then that the term 
“beer” was used to distinguish the product 
containing hops from ale, the product 
without hops. 

Today there are two main types of beer 


Lagers are fermented with bottom- 
fermenting yeast, ales with top-fermenting 
yeast, Bottom-fermenting yeast moves to the 
bottom of the fermenting vessel, top- 
fermenting yeast to the top. 

Ale-type beers are the most common in 
the British Isles, Australia and New Zealand. 
They include bitter or pale ale; strong ale; 
draught mild ale and bottled brown ale. Stout 
and porter (which is a weak stout) are also 
top-fermented. 

Lager-type beers are the most wide- 
spread. They have a longer maturation time 
than ales (up to six months as opposed to four 
weeks at the most for ales). The main types 
are Pilsener and Dortmund. 


‘The brewing process 

Brewing begins with the production of barley 
malt. Grains of barley are soaked and 
allowed to germinate. During germination 
chemicals (enzymes) are produced th 
convert “starch” within the grains to sugars. 
The germinated grains ~ the malt ~ are then 
dried and crushed in a grist mill [1], Just 
enough rupturing of the husk occurs to 


U 


enable the grain, now called grist, to be 
infused with hot water in a process known as 
mashing. The object is to allow the conver- 
sion of the “starch” to fermentable sugars by 
enzymes and their extraction from the grist 
The mash is held in a vessel called the 
h tun, The temperature and method of 
mashing define the type of beer to be pro- 
duced. British beers are produced by infusion 
mashing, a single process in which water is 
added at 6; S°C (150°F) and the temperature 
is maintained somewhere between 65.5 and 
75.5°C (150-168°F), depending on the type 
of beer to be produced, Other beers are usu- 
ally produced by a three-mash process. 
Water at 38°C (100°F) is introduced and 
after two hours the temperature of the mash 
is raised to 65.5°C and then finally to 75.5°C 

‘The liquid from the mash tun is known as 
“wort” and contains a mixture of sugars and 
other chemicals from the malt. The wort is 
run off from the mash tun and is boiled, usu- 
ally for about two hours, to destroy the 
enzymes and to sterilize and concentrate the 
liquid. At this stage hops are added, to give 
the beer its bitter tang, 
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1 The first stage of 
brewing beer is malt 
production. Barley 
is first steeped in 
water [1], then 
drained [2] and 
spread on a malting 
floor [3] to germin- 
ate. As rootlets 
appear, further 
germination is stop: 
ped by heating the 
malt, as it now is, 

in a kiln [4]. The 
malt is delivered to 
the storage silos 
ready for use in 
brewing, Malts are 
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blended to provide 
a continuity of 

flavour. Roasted 
mal re used for 
brown and stout 
beers Other grains 
such as flaked 
wheat, rice and 
maize can be usod 
as adjuncts. Hops, 
used for flavouring, 
are dried in kins 

or oast houses [6]. 
At the brewery, the 
maltis put inthe 
malt mill where it 

is crushed without 
destroying the husks 
to form grist [5]. 
This is then fed 
into a mash tun (7) 
where hot water is 
added and the good- 
ness extracted. The 
resulting wort is 
boiled in the copper 
or kettle [8] where 
hops are added, and 
sugar, too, if neces 
sary. After cooling, 
the wort goes to the 
fermenting vessel (9) 
where yeast is 
added, The wort is 
fermented and the 
beer is matured in 


ally poured into 
casks, kegs, 
bottles and cans [10]. 


objects, including spent hops ir 
the now filtered off. The liquid is 
oled and transferred to the fermentin; 
essel, Living yeast (Saccharomyces sp) 
which is f fungus, is added at thi 
stage. The character of the finished product 


Jepends in large measures upon the absolut 
yurity of the yeast cultu 

During fermentation the yeast repro: 
Juces and increases in bulk by about fiv 
times and the excess is skimmed off. Strin 


ent precautions are taken to ensure that ne 
mpurities invade the brew, The temperature 
fermenting wort is also carefully cor 
trolled be too low a temperature may 
top the fermentation and too high 
temperature may cause it to race, with disas- 
trous effects upon the character of the beer 


After about ¢ when most of the 


n converted to alcohol, the bee 


removed from the fermentation vessel and 
separated from the bulk of the yeast 
green” beer is then stored 
tanks, again at strictly control 
tures, so that it may mature 


haracter. At this stage 


2 Barley may have 


3 Hops are climbing 
plants of the family 


sunabinaceae 
They are grown in 
hop gardens [A], on 


nelined strings 
wires. The female 
flowers [B] are used 
to impart a bitte 


flavour to beer 


fermentation occurs with lager beers and 


with some ale-type beers. 

Basically, the brewing process is the same 
for both lager and ales, but in brewing lage 
the yeast is different and fermentation and 
maturation take longer to complete 


ackagi 


g the brew 


After brewing comes packaging: filling casks 


or kegs for the draught beer trade or tran 


the brew to a bottling hall for packing 


into bottles or cans. Cask draught beer is 
filled through nozzles on simple gravity-feed 
machines, For filling kegs a more compl 
cated system is required. Kegs are sterilized 
and mount a filling head, which dis. 


places air from the keg by means of CO,. The 
CO, is in turn displaced by the in-flowing 
beer until the correct quantity has been filled. 
This leaves the keg full of beer but with a 
small head filled with CO,, ag 
prevent air entering. Bottles 


filled in much the same way 


ans are 


countries private 


permitted to brew beer at 


ome [ 


resale, without paying excise or similar duty 


4 The basic process 
of brewing can, with 


5 Home brewing is an 
art that can be prac 


variations in materials  tised with little 
and de prod more than ordinary 
uction, give rise t domestic equipment 


many difterent types 
er. The flavou 


for mashing, boiling, 
ng and bot 
best con: 


colo 
and gaseous 


tling. Th 


tainers are of gl 
i 


Brewing is an ox 
tremely ancient art. 
i probably origin 
ated some 6,000 
years ago in Baby 


10 days to ferment 


kingdom of Mitanr 
in northern Meso 
Jund 1500 
depicts a 

ing scene 
mythological ani 
mals and a man 


a. This clay seal 
s made in the 


5 Sugar Hot water Hop and malt 
(8 iros, entre 
Py A 
Ret’) 
WY 
Re) 
\ | | 
as 
Loosely covered, tett Tosted with 


hydrometer 


èi 


| Tightly seated! 


a 


0 wd 


drinking beer 
through a straw, The 
art of brewing spread 
westwards to Europe 
through North 

Africa and eastw: 
to China and Japan. 


Yeast (sprinkled on 
when all has settied) 


$ 


Siphoned into bottie 


Spirits and distilling 


Spirits, in common with all other alcoholic 
bev basically by 
alcoholic fermentation (the decomposition of 
sugars into ethyl alcohol by yeasts) of sugar 
rich liquids. The diversity of spirits and 
related alcoholic beverages is a reflection of 
the widely differing sources of fermentable 


produced 


ges, are 


sugar. This sugar is directly available in some 
raw materials such as grapes and molasses. 
but in other raw materials (cereals, potatoes) 
starch has to be converted into fermentable 


sugars by adding enzymes (biological cata 
lysts). The traditional source of such enzymes 
is barley malt and the process of starch 


conversion is known as “mashing 


Distillation and maturation 
Yeast fermentation can lead to a maximum 
alcoholic content of about only 15 percentin 
beverages such as wine. But in the production 
of spirits, fermentation is followed by distilla- 
tion, which concentrates alcohol in the dis- 
tilled spirit. Distillation [Key, 1, 4, 6. 
heating of alcohol-containing liquids, so that 
the alcohol boils off and ca 


Tl isthe 


n be condensed. 


1 The distilling pro- 
cess varies according 


collected and added us desired to increase 
to the initial ingred 
ients and the desired 


‘ 
product, The raw 


ingredients [1], crops > 
that will supply the 

sugar for ferment 

ation, are ferment 
in the mashing tun rA 
|2]. For whisky and 

brandy the mash is 
distilled in a mash 
still [3] and the spirit 
produced re-distilled 
in a spirit still (4) 

It is then aged in oak 
casks [8] and may be > 
blended [9] before 

bottling. Mash for 

other spirits may be ( 
distilled continuously 4 
in a distillation column 

15] and the product 

usually has flavouring 

added to it [6]. The 

flavoured spirit may 

now be distilled once 
more in a pot still 

7), Gin and vodka 

are manufactured 

in this manner. 


strength. The degree of concentration and 
distillation of volatile flavouring substances 
or “congenerics” depends on the type of still 
and the way it is operated. Simple “pot” stills 
[6] distil alcohol at lower concentration to 
give a spirit with a characteristic flavour 
whereas “continuous column” stills [7] are 
more efficient, yielding spirits of higher 
alcohol concentration but with little or no 
congeneric flavour 

Newly distilled spirit is seldom suitable 
for immediate consumption. It is often stored 


in wooden casks [5] for a number of years to 
achieve a mellow and developed flavour such 
as that of whisky or brandy. The quality of 
spirits is frequently related to the period of 
storage in wooden casks. For bottling and 
al sale, distilled spirits are normally 
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reduced with pure water to an alcohol con- 
tent of about 40 per cent by volume 
Malt and grain whiskies 

Scotch malt whisky is made entirely from a 
The fermented mash 
produced in a mash tun [2] is first distilled 
into what are known as “low wines 


mash of malted barley 


inamash 


still [4] and the low wines are re-distilled in a 
similar pot still, the spirit still. In the second 
distillation “heads and tails" fractions (the 
first and last parts obtained in the distillation) 
are returned to the low wines. The middle 
Malt whisky is 


ight, twelve or 


fraction is the new whisky 
din reusable oak casks for 
more years before being sold as single malt 
whisky — an individual and distinct product 
from each distillery 

Malt whisky is blended with Scotch g 
whisky to produce blended Scotch whisky 
Grain whisky is made from a mash of pre- 
cooked maize and a proportion of barley 
malt, The wash is distilled in a 
continuous, two-column still 


ain 


semi 


The grain and 


malt whiskies are aged separately and 
blended shortly before bottling. Irish 
whiskey is made from unmalted cereals, 


including barley, wheat and ryc, which are 
mashed together with malted barley 
Bourbon whiskey is made in the American 
states of Kentucky and Illinois from a grain 
mash of at least 51 per cent maize. The distil 
late is matured for four years in new oak 
casks which are charred internally before fil 
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Whisky and brandy f 


2 In Scotch malt 
whisky distitlerios 
mashing is carried out 
in a vessel called a 
mash tun”. This is 
filled with a mixture 
of milled barley malt 
and hot water. The 
liquid "worts” (infus: 
ions of malt before 
they are fermented), 
charged with soluble 
substances extracted 
from the malt, are 
drawn off through per 
forated plates in the 
base of the mash tun. 


3 Worts from the 
‘mash tun are cooled 
and piped to the tun 
room for fermentation 
The stainless-steel 
covered fermenters 
called “wash backs’ 
are filled with 
worts and yeast is 
added to start a vigor 
ous fermentation 
To prevent foam 
overflowing during 
fermentation, pro 
pellers are rotated 

do the wash backs 


Malt whisky > 


Unmatured whisky 
Vodka 

‘Compound gin 

5 Distilled gin 


ling. Canadian whiskey is a blend of a 


strongly flavoured whiskey distilled from rye 
and a lighter maize-based whiskey 


Spirits and liqueurs 
Brandy is the distillate of wine. Cognac, the 
best known brandy, is made from the wine of 
the Charente (a region in southwest France) 


by two successive distillations in charac- 
teristic pot stills, The first distillate or 
brouillis® is returned to the still for a re 


distillation, or “bonne chauffe”. Cognac is 
matured in Limousin oak casks and the finer 
qualities attain ten, 20 or even more years. 
The quality of cognac is related to the situa 
tion of the vineyards from which the wine is 
produced around the town of Cognac 
Armagnac is made near Agen in south 
west F Itiss 


nce ore effi 


gly distilled in a n 
cient pot still and has a distinctive flavour. 

Rum is the distillate of fermented 
molasses, the mother liquor of crystallized 
ane sugar. Flavoured rums, dark in colour 
sre traditionally made by pot still distillation 
and aged in wood, but most white rums are 
distilled to a light flavour, which is modified 


6 Copper pot stills 
charged with a batch 
of wash or wine are 
heated directly by a 
furnace or indirectly 
by steam. On boiling, 
the more volatile con. 
stituents vaporize 
and rise to the top of 
the still. The vapour 


that reaches the 
top of the column is 
then led over into the 
condenser, liquefied 
and collected, Alcohol 
is progressively re- 
moved by distillation 
and the watery residue 
that remains in the 

pot still is discharged. 


by an additional treatment with charcoal. 
Other spirits are made from local sources of 


fermentable materi 


s: arrack from palm 
juice, rice or molasses; calvados from apples 
kirschwasser from cherries; and tequila from 
cactus. Vodka is a spirit that has no flavour t 


apart from that of ethyl alcohol. It is made by ~ MA 5 = % 
purifying a neutral spirit by means of contact 
with absorbent charcoal. >? . p 

Spirits such as gin, ouzo and liqueurs g = 2 


derive their flavour from added ingredients 
and not, in general, from the congene: 
the original spirit. They are made from a base 
spirit of relatively neu 


s of UD 


| and flavourless 
character, produced from a variety of mate 

rials, including grain, molasses and potatoes. 
Gin is flavoured by juniper berries [8] and 
Dutch gin is with 
juniper and spices, although its base spirit has 
a characteristic flavour of its own. Ouzo is 
made by flavouring a base spirit with aniseed. 
Aquavit is a spirit flavoured with 
e usually sweetened by 


spices, also flavoured 


Some form of alco. 
holic beverage was 
developed by many 
early civilizations. By 
800 BC the Chinese 
were distilling a bev. 
erage from ri 


and the Romans also 
produced distilled bev 
erages. Production 

in Western Europe 
gained impetus after 
contact with the 
Arabs ~ the word 


alcohol" is of Ara 
bic derivation. This 
engraving of about 
1480 from Salerno, 
italy, is one of the 
earliest illustra: 
tions of a still 


base 
caraway. Liqueurs 
the addition of 


sugar. Gin, vodka and 


liqueurs do not generally require to be aged, 
although it is usual practice to age Dutch 


4 Fermented mash 5| 
is heated in a mash 
still until all the 
alcohol is distilled 
and collected as low 
wines, A similar but 
smaller spirit still 

is charged with a mix. 
ture of low wines and 
feints" (impure spirits 
produced in the first 
and last stages of dis- 
tillation), and the new 
whisky is selected as 
the middle portion of 
this distillation. The 
rest of the feints are 
collected separately 
and then returned 

tor re-distillation 

in the spirit still 


5 New whisky is put 
Into oak butts, hogs: 
heads and barrels and 
stored on steal racks 
in warehouses until 
mature. After empty: 
ing. the casks are 
examined and repair 
ed by coopers and 
refilled with whisky. 


8 Juniper berrie: 
are the principal 
flavouring of gin. 

In addition to other 
ingredients such as 
coriander seed, 
angelica root, cassia 
and cinnamon bark, 
orange peal, carda. 
mon, liquorice, nut 


meg and others, the 
juniper berries are 
distilled in a pot 

still with a charge 
of spirit. Dutch 

gin or “genever” is 
also re-distilled 
with juniper and 
other botanicals but 
the base spirit or 


‘moutwyn 
characteristic fla- 

vour. Liqueurs are 
brandies containing 
large proportions of 
sugar and alcohol. 
and can be made from 
raspberries, cherries 
and plums, or even 
tea, cocoa and coffee. 


7 In a continuous still 
the columns are ver 
tical copper cylinders 
[A] with horizontal, 
circular plates |B]. 
“Bubble caps” cause 
the rising vapour and 
the falling liquid to 
mix in the column 
and this action pro: 
motes the separation 
of alcohol at the 


top and water at the 
bottom of the column, 
Through regulation of 
the steam supply and 
product feed, a dyn: 
amic balance is set 

up and high-strength, 
high-purity spirit 

is drawn continuously 
from the top and waste 
water from the bot. 
tom of the column, 
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Coffee, tea and cocoa 


is the widely drunk caffeine 
ed not only 


for its rich flavour and aroma, produced by its 


Coffee most 


beverage in the world. It is enjo 


caffeol content, but also for the caffeine it 
contains, which has a stimulating effect on 
the nervous and blood systems, Leading 
coffee-drinking countries include the United 
States, West Germany, France and Italy 
Large plantations are in Brazil, Costa Rica. 
Mexico, Java, India, Arabia and Kenya. 


Growing and processing coffee 

The common coffee plants are Coffea arabica 
[2, 3] and C robusta. Coffee plants reach 
maturity after four years and remain produc 


tive for about another 30 years, but there is 
usually a drop in quality in about the fifteenth 
year, after which the trees are generally 


replaced 

After picking. the coffee seeds or beans 
from the ripe 
al pulpy mass is used 


are extracted berries by 
machine and the resid 
as fertilizer 
or machine-dried, after which they are 
hulled in revolving drums where their tough 
outer coatings and silvery skins are removed. 


The seeds are cleaned and then 
sun: 


1 Coffee houses 
flourished in most 
arge European towns 
n the 17th and 18th 
centuries and were 
the centre of much of 
the political, com: 
mercial and literary 
activity of the day 
The first one in 
London opened in 
1652. The custom 

of drinking coffee 
spread westwards 
from Arabia into 
Europe. Coffee it 
is believed to have 
come originally 

from Ethiopia. 
According to legend 
a 9th-century goat 
herd noticed that his 
animals became live: 
lier soon after 

eating some crimson 
coffee berries. He 
some himself 
and experienced a 
similar feeling of 
exhilaration. The 
first reliable 
reference to coffee 
occurs in Arabian 
literature of the 

10th century AD. 

But it was not until 
several hundred 
years later that 

the Arabs learned 
how to make a deli 
cious drink from the 
ted ground beans 
of the coffee berry. 
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Finally they are sorted by size, graded and 
shipped to the world’s markets. 

Most beans are 
being sold; this gives them a dry, brittle tex- 
ture and a deep brown colour. They 
acquire their typically rich coffee aroma 
during roasting by undergoing a complex 
chemical change. The freshly roasted coffee 
is cooled and ground to appropri 
although some customers prefer to grind and 
even roast the beans themselves. So-called 
instant coffee” may be powdered or freeze- 
dried. In each process the coffee is first 
brewed and the moisture removed from the 


coffee roasted before 


also 


e size, 


liquor. More than 100 different kinds of 
coffee are marketed, each with its own 
flavour, The differences arise mainly from 


climate and soil types in the various regions in 
which the plants are grown. 


The story of tea 
Tea, like coffee, is a stimulant, because of its 
caffeine content. Tea remained unknown to 
the Western world until the great explorers of 


the sixteenth century who travelled to China 
and other Far 


Eastern countries returned 


with a host of new foods, spices and bever 
ages. Very soon a thriving commerce in 
China teas was established between Europe 
and the Far East, In 1826 the Dutch estab. 
lished plantations on Java, followed some ten 
years later by the British who set up tea 
estates in India, The production of tea has 
since spread rapidly to regions in Sri Lanka, 
Bangladesh, China, Iran, Japan, the Soviet 
Union and parts of Africa and South 
America. Among Western nations Britain 
and the USA are the two greatest consumers 

Tea is made from the leaves of an ever 
green tropical and subtropical plant, Thea 
sinensis [S]. There are three major kinds of 
finished tea. Black tea, which makes up more 
than 90 per cent of the tea trade, is produced 
by first allowing tea leaves to wither. This 
reduces their water content and prepares 
them for rolli The leaves are fed through 
rolling machines to release the juices. The 
rolled leaves are then placed in 
extremely humid rooms and left to ferment 
Fermentation is stopped by drying the leaves 
over fires in pans, trays or baskets, a process 
that also seals in their final flavour 


2 Coffee plantations 
flourish only where 


2,000m (2,000 to 
6,000ft) above sea- 


temperaturos average 
a modest 21°C (70'F) 
Altitude influences 
the quality of cof- 

fee, the best crops 
oming from planta- 


level. Coffee troos 
grow best in partial 
shade and for this 
reason are often 
planted on the east 
or west-facing slopes 


tions that are 
between 600 and 


of volcanic moun 
tains, where they 
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thrive in the well 
drained, potash-rich 
soil. Once the 
berries have ripened 
they are harvested 
by hand. Each tree 
yields an average of 
about 700 grammes 
(1.51b) of ground 
beans each year. 


3 The coffee plant 
isa small evergreen 
tree with leaves some 
7.5 to 15cm (3 to 6in) 
long. The Arabian 
species is the most 
common kind of cof- 
je plant. Coffee 
trees are able to grow 
to 7.5m (25ft) 

high but are pruned 
to 3m (10ft) on plan 
tations, The fragrant 
white blossoms are 
followed by tiny 
green berries, each 
holding two tough: 
skinned, greenish 
beans. The berries 
ripen to a deep red 
after six or seven 
months and are then 
ready for picking, 


A second variety of tea is oolong or semi- 
fermented tea which is prepared from a spe- 
cial kind of China tea plant, The leaves are 
heated before fermentation progresses very 
far, then they are rolled and, finally, dried 

Lastly there are the green or non 
fermented teas made by first steaming the 
leaves or else heating them to sterilize them 
and kill the enzymes responsible for 
fermentation, The leaves are then rolled and 
roasted until they acquire a blue-green tint 
Teas are graded for size, age and quality, and 
classified according to leaf size such as orange 
pekoe, pekoe and souchong, 

Paraguay tea or maté, which is widely 
drunk in southern South America, is made 
from infusions of the leaves of a species of 
holly (Hex paraguariensis) 


From cacao to chocolate 

Cacao trees [6] had been cultivated in 
Central America for centuries before Col- 
umbus arrived there. The Spanish conquista- 
dores were sufficiently impressed with 
cacauatl, the bitter cocoa drink the Indians 
made from the seeds of the cacao tree [7], to 


4 Tea is mostly cul- 4 
fed in monsoon 
India, Sri 
Lanka and China 
are the principal 
producers, Three 
original varieties of 
tea - China, Assam 
and Cambodia — aro 
the ancestors of the 
many hundreds of 
varieties grown to- 
day. Tea grows best 
in warm, well: 
watered climates 
where the soil is 
slightly acid, well 
drained and rich in 
organic compost. 
Like coffee, it seems 
to thrive at highor 
altitudes, and can 
be grown at a maxi 
mum height of 
2,300m (7.0004) 
Planters using 
hybrid plants and 
modern methods of 
agriculture can ox 
pect an annual yield 
of about 1.7 tonnes 
(3,7001b) per hectare 


take it back to the court of Spain. The secret 
of cocoa was jealously guarded by the 
Spaniards for more than a century until the 
seventeenth century when the rest of Europe 
was introduced to it, It became a highly 
fashionable drink virtually overnight 
great was the rage for cocoa that “chocolate 
houses” sprang up in every sizeable town. 
The cacao tree is an evergreen plant, 
Theobroma cacao, that grows in tropical reg- 
ions. The pods are cut down, split open with a 
heavy knife or mallet and the pulp and seeds 
scooped out. The entire pulpy mass is left to 
ferment for a week, during which time the 
beuns change from purple to reddish brown 
and acquire a pungent, chocolate aroma 
When fermentation is complete the beans are 
either sun- or kiln-dried then cleaned and 
shipped to processing plants. The manufac- 
ture of cocoa continues with the roasting of 
the beans. Their shells are then cracked and 
removed and the nibs or kernels are pressed 
to release the oil (cocoa butter), The 
remaining paste is known as chocolate liquor 
and this is the raw substance from which 
cocoa powder and chocolate are produced. 


6 The cacao tree, 
a tropical plant, 
sprouts pendulous 
pods 15-35em (6-14 
in) long trom its 
branches and trunk. 
Each pod contains 30 
to 40 boans from 
which cocoa and 
chocolate are made 


7 Aztec and Mixtec 
paintings show early 
American peoples 
drinking a beverage 
made from cocoa 
beans, which they 
cultivated, mixed 
with maize flour, 
spices, aromatic 
herbs and water 


Cacao 
Theobroma cacao 


The world’s tea 
crop is traded at 
great auctions such 
as the one in London 
through which the 


5 tes 


Thea sinensis 


harvest of some 25 
nations passes, 
Before the tea is 
bought for blending 
and packaging, tea: 


tasters examine the 
dry leaves and ana 
lyse the aroma, taste 
and appearance 

of the actual brew. 


5 Tea is a small 
evergreen shrub that 
is kept pruned to a 
maximum height of 
1.5m (5ft) on planta: 
tlons. Its leathery, 
oblong leaves grow 
to a maximum of 
25cm (10in) in length. 
Ittakes roughly 40 
days for a tea plant 
to produce a full 
“flush” of leaves 
ready for picking 
From the top down. 
wards the leaves are 
named pokoe tip, 
orange pekoe, pekoe, 
first and second sou 
chong and first 

and second congou. 


8 Coffee, tea and 
cocoa are grown In 
tropical and sub- 
tropical areas. 

The coffee trade is 
valued at more than 
$2,000 million a 
year and represents 
nearly 4.25 million 
tonnes of beans. The 
tea crop averagos 
some 1.25 million 
tonnes, the largest 
producers being In- 
dia and Sri Lanka, 
Nearly 70% of tho 
world’s cocoa, 1.36 
million tonnes, comes 
from Ghana, Nigeria, 
Ivory Coast and 

the Cameroons. 
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Seeds and spices 


Throughout Europe and the Middle East, 
seeds from plants in the fields, forests and 
hedgerows yield a wide variety of both subtle 
and startling flavouring. Their value as a 
means of varying the tastes of the common 
staple foods such as beans, peas, rice, wheat 
and root vegetables was widely appreciated 
in biblical times: since then a great number 
have been cultivated in kitchen gardens large 
and small all over the world, 

Indigenous species still provide the 
dominant flavours in northern Europe, the 
Mediterranean and the Middle East, but they 
are by no means confined by national or 
natural boundaries. Fenugreek seeds from 
the herb Trigonella foeunum-graecum, a 
native of the Middle East and Asia, have a 
musky aromatic flavour and are used in 
vegetable dishes and sweetmeats in Egypt, 
‘Turkey and Iran. They also form part of the 
curry mix of herbs and spices in Asia. The 
cumin seed (Cuminum cyminum) has similar 
origins and gives curry its characteristic 
pungency. Fresh eucalyptus-scented car- 
damom seed (Amomum cardamomum) is 
popular in Scandinavia, Little used in Eng- 


1 
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land, the cardamom seed, which isencasedin 
a parchment-coloured pod, gives a lift to 
coffee, cakes and fruit, particularly when 
simmered with pears and quinces. Coriander 
(Coriandrum sativum) is a native of southern 
Europe and the Middle and Near East and is 
one of the oldest known members of the 
family Umbelliferae, whìch provides many 
other species of commonly used seeds. 


The prize of princes 

Spices were products of tropical climates. 
Until new sea routes broadened trade be- 
tween Europe, Asia and the Far East, spices 
such as peppers [Key], cloves [3G] and cin- 
namon [3C] were as rare as gold dust and just 
as valuable in Europe. During the sixteenth 
and seventeenth centuries wars were fought 
over footholds in Asia and a share in the 
wealth brought by the spices of the Orient. 
Perhaps the most prized among the spices 
was pepper. Now so common and cheapasto 
be taken for granted, a pound of pepper 
could cost several weeks’ wages for the 
average European so that a “peppercorn 
rent” was far from a derisory sum. 


Anise (Pimpinella 


used for flavouring. anisum) [B] produces 
Both the leaf and oval light brown seeds 
seed of the dill plant tasting of liquorice. 
(Anethum graveolens) Caraway (Carum 

[A] have a flavour carvi) IC] has strongly 


similar to caraway 
but are a milder 
complement to fish 
and vegetables. 


flavoured seeds which 


Spices such as nutmeg [3A], cinnamon 
and turmeric [3H], luxuries in the kitchens of 
Europe, were used sparingly and on special 
occasions — to add sweet aromas to mulled 
wines in the festive seasons and as ingredients 
for special cakes celebrating the end of Lent - 
and only a little more freely at the tables of 
princes. In the Near and Middle East and 
Asia they were and still are used lavishly to 
make the staple diet of pulses and rice less 
monotonous and to disguise the fact that 
fresh meat, fish and vegetables deteriorate 
rapidly in relentless heat. 


Fashions in food 

The use made of aromatics and spices has 
varied with the passage of time and geo- 
graphical location. Aniseed, once commonly 
used in cakes, pastries and bread throughout 
Europe, is now confined to sweets and the 
anise-flavoured drinks for which the 
Mediterranean is famous. The French pastis, 
Greek ouzo and Turkish raki are now 
internationally popular aperitifs. In the 
Middle East aniseed is used as a flavouring 
for root vegetables. 


a stronger flavour 


j, the dried fruit 


plant Apium than the bulbous 
graveolens |D] are stems of the fennel 
more strongly flavour- plant (Foeniculum 
edthanthestemsand vulgare) [E]. Sweeter 


are used to add 
interest to root 
bi 


than anise, 

fennel goes well 
with fish or pork. 
seed [F] is 


Musta! 


ng 
narcotic (poisonous). 
The plump, white 
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indicum |H] are 
a source of nutty- 
flave 


and used as a spread 
and a sauce popular 


shaped fruit of 
Mlicium verum, an 
evergreen tree found 
in China and Ji 

andis 


In the East, ginger [3D] is used as a spice 
for both fish and meat dishes where the 
sweet, rich root provides a striking contrast of 
texture and taste in an otherwise savoury 
dish. Powdered Jamaican ginger is more 
often used in the West, usually in sweet 
foods. Almost every European country has a 
variety of gingerbread. Yet a dusting of 
ginger, nutmeg and coriander turn buttered 
rice into a subtly different vegetable to serve 
with chicken or veal. Ginger was very widely 
used in Roman times, but is rarely found in 
modern Italian cuisine. 

One fashion that has hardly changed in 
centuries is the Middle European use of 
poppy seeds [1G] sprinkled on bread to 
flavour and decorate the more fancy var- 
ieties. A stronger flavour is provided by the 
tang of caraway seeds in rye bread and 
pumpernickel, In the Middle East bread is 
more usually topped with sesame seeds 
before cooking, so that they brown and 
impart a rich, nutty flavour to the bread. 
Small cakes can also be prepared with a meal 
made from sesame which is mixed with lemon 
juice and honey, Middle Eastern meals are 


Key 
often accompanied by a paste made from 


chick peas, sesame seed pulp (tahina), lemon 
juice and garlic. It is traditionally, eaten with 
unleavened bread called pitta 


Innovations and revivals 

Sesame seeds [1H] are becoming more 
popular in Western cooking. They can be 
added to most cream sauces for poultry and 
meat dishes with impunity, creating a subtle 
difference without overpowering other 
flavours, Sesame seed oil makes a perfect 
addition to a French dressing to be served 
with the strong varieties of lettuce such as 
cos, or with endive or chicory. Nutmeg and 
mace were once much used as condiments for 
members of the brassica family and can turn 
plainly cooked everyday cabbage into a much 
more worthy vegetable. Saffron [3E], the 


Pepper is the dark 
round fruit of the 
Asian vine Piper 


mistakable aromatic 
taste. Fresh-ground, 
it enhances the 


spoil the aroma 
so that coarse 


dried stamens from the mauve crocusof Asia nigrum. Tho fruit, flevourotal Ís bost added 
h i vegetables, meats end. White 
Minor, has always been the most expensive of yhen fresh and u yogmmpien™ Carls theses 


spices, since the stamens are collected by 
hand and about 200,000 are needed to make 
up a pound of saffron. The colour and aroma 
saffron gives to rice dishes such as the 
Spanish paella cannot be imitated. 


ht forms 
ota 


fresh fruits. One 
famous meat dish 
popular French using coarsely 
condiment, Black crushed peppercorns 
pepperisthe whole is steak au poivre 
dried fruit with itsun- Long cooking can 


used with its outer 
skin (pericarp) re- 
moved. Ith 


hotter taste 


2 Indian merchants 3 The search tor The formeristheker- of a small evergreen 
in a market sell spices, a saga of tri- tree, Cinnamomum 
spices from shallow umph and bloodshed, 

brass and copper covered every corner or aril, which sur- 


dishes, carrying on of the globe and their 

a thousand-year-old discovery brought [B] is obtained from 

tradition. The great wealth. Nutmeg root bark of the 

chilli powder: and mace [A] both tree Sassafras alb- 

the foreground are come from the fruitot idium. Cinnamon IC], 
Myristica fragrans. the dried rolled bark 


3 


rounds it. Sass 


and Burma, Gin- 
ger [D] is the rhizome 
of the tropical plant 
Zingiber officin 
Saffron strands [E 


'o the dried stamens 
of Crocus sativus, 
from Asia Minor, 
Allspice (F} is the 
dried brown berry of 
Pimenta officinalis, 
an evergreen tree 

that flourishes in Cen- 
nd South Amer- 
ica and the West 
Indies. Cloves [G], 
the dried flower buds 
of a tall evergreen 
tree Eugenia aromat 
nearly all come 
from Zanzibar. Tur- 
meric [H] is obtained 
from the dried rhi- 
zome of a plant 

of the ginger fam- 

ily, Curcuma longa. 
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Culinary and medicinal herbs 


Herbs have been used in the culinary arts, in 
medicine and in the cosmetic industry since 
ancient times ~ so the excavations of sites in 
Greece, Italy and the Mediterranean islands 
tell us, Hippocrates (of the Sth century BC), 
known as the “father of medicine”, culti 
vated some 400 herbs and made up herbal 
remedies that continued in common use for 
centuries for treating diseases. 


Medicinal herbs 

‘The medicinal use of herbs probably origi- 
nated after man had discovered them for 
cooking purposes. Perhaps he first noticed 
the aromas when throwing plant waste onto 
the cooking fires. Thereafter he may deliber- 
ately have sought them out so that the scent 
and flavours would impart new zest to roast 
meat and fish, Later still, herbs were used to 
disguise meat and game that were no longer 
in their prime. 

Herbs were introduced into most of 
Europe by the Romans who in turn had 
adopted them from the Greeks. Many were 
endowed with mystical powers and they were 
used for ceremonial purposes. Triumphant 


1A B 


1 Parsley (Petrose- Wes. Parsley is 
Jinum crispum) [A]is always used fresh in 
the classic herb of bouquet garnis and 
European cooking. chopped to flavour 
Plain and curly 


herbes and maitre 
‘hotel butter; small 
fresh sprigs are used 
for garnishing a 

variety of dishes 


available, both rich 
In vitamin C. The 
stalks have as much 
flavour as the 


2A B 


2 Dill (Anethum Fennel (Foeniculum 
vulgare) |B] comes 
from the Mediterra- 

ticularly popular in nean and is much 

Scandina used in flavouring 


man, Russian and 


Provengal dishes. 
Balkan cookery. Both 
l 


Stalks, leaves and 


ves and seeds seeds have a liquo- 
usedtoimpartan rice flavour that 
aniseed flavour to associates well with 
Sauces and vinegars, pork and veal. itis 
salads and pickles. traditional with fish 
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Roman emperors are depicted wearing 
crowns of bay leaves [1C]; during the Middle 
Ages current superstition held that hyssop 
and garlic would ward off the witches who 
added concoctions of wild herbs and other 
plants to their brews, Peasants in some 
remote eastern European countries still pro- 
tect their homes against evil spirits and vam- 
pires by hanging garlic wreaths over their 
front doors. Even in the late twentieth cen- 
tury some civilized people insist on sowing 
parsley [1A] only by candlelight on Good 
Friday. Many others believe that trans- 
planting parsley seedlings will bring bad luck 

The cultivation of herbs and the use of 
them became a speciality of the Christian 
monks and every monastery has its own 
extensive herb garden. The plants were 
grown for their medicinal qualities and as late 
as the cighteenth century physicians still 
relied heavily on herbal medicines in the 
treatment of disease. The famous London 
herbalist John Gerard (1545-1612) pub- 
lished a huge volume in 1597 listing 
thousands of plants with healing properties. 
Herbs have dwindled in importance for the 


c 


Sweet basil (Ocimum 
basilicum) [B] is 

native to India and 
iran. Young, swoeth 


IC) is an evergreen 
tree from the Mı 


clove-scented leaves used, fresh or dried, 
have the best flavour in bouquet garnis and 
and are used, as flavouring for 
chapped, in dishes meat and fish stows, 
containing tomatoes. nd terrines. 
Bay (Laurus nobilis) (Anthriscus 


c 


and as an addition Wild marjoram 

to forcemeats and (Origanum vulgare) 
sauces. Grilled sea [C] is a pungent- 
bass and red mullet flavoured herb much 
are flamed on a bed 
of dried fennel. 

Finely chopped leaves 
may also be used 

in small quantities to 
season soups, sala 
mayonnaise and 
sauce vinaigrette, 


meat, poultry, soups 
and omelettes. It is 
known in the di 
form as oregano. It 
may be used instead 
of thyme. Camo 


medical profession but many are still used in 
the preparations of soap, cosmetic creams 
and lotions and skin tonics. 

The heyday of the herb garden came in 
the sixteenth century when wealthy land- 
owners laid out intricate herb gardens whose 
patterns were picked out with low hedges of 
lavender or box. An average herb garden of 
the famous Elizabethan knot garden type 
might include more than 50 different herbs. 
some grown for cooking, others for medicine 
and soothing balms and tonics. 

The nineteenth century saw a decline in 
the use and growing of herbs although 
nowhere as drastically as in Britain where the 
Victorian cook used few herbs but parsley. 
sage [3B] thyme [3D] and mint [2E]. With the 
expansion of the tourist trade in the mid- 
twentieth century many people have a new 
appreciation of herbs as a result of their 
eating foreign dishes. Today herbs are used 
increasingly in everyday meals. 

The best flavour is obtained from fresh 
herbs although dried herbs often have a 
stronger taste than fresh ones and should 
therefore be used in much smaller quantities 


cerefolium) [D] comes 
from eastern Europe. 
Its loaves have a 
slight resemblance 

to parsiey but with 

a delicate aniseed fla 


vour, It is used 

chopped in soups, is in Europe. It is 
sauces and egg dishes, one of the oldest 
Coriander (Corian: herbs known and the 


drum sativum) [E] is 
sometimes known as 
Chinese or Japanese 
parsley because the 
feathery leaves are 
as popular in Eastern 
cooking as par 


D ý 


mile (Anthemis Mint (Menthá sp) 


nobilis) |D], both wild [E] has many spe- 
and sweet, growsin cles and varieties. 
Europe and Asia. In many parts of 


The aromatic flower the world the 
hoads are used dried strongly flavoured 
fusions and in leaves are cooked 


‘andsome- whole with young 


times in the manu. summer vegetables 
facture of vermouth and used, finely 
and other aperitifs, chopped, in jellies 


as well as lotions. and chutneys. It 


seeds are an osson: 
tial ingredient of 
garam masala, the 
spicy flavouring for 
Indian curries. In 
Europe and North 


is also used to 
flavour cool sum- 
yer drinks, cups 
and juleps. It is 
relatively unknown 
in French cuisine 
‘common 
gin the 
Middle East 

where it is often 
added to chutneys 
and yogurts. 


~ the very essence of a herb, and in particular 
parsley, chervil and mint, is lost when it is 
deprived of its water content. The cook can 
always have fresh herbs at hand for they can 
be grown in a window box or even in a few 
pots on a sunny kitchen sill, Some herbs, such 
as thyme, rosemary and bay, tolerate pro- 
longed cooking but others, including chervil 
[1b], dill [2A] and fennel [2B], are best 
added to the dish at the last minute so that 
their aromatic qualities are not lost 


Fines herbes and their uses 

The French term fines herbes is applied to a 
mixture of very finely chopped herbs. It usu- 
ally consists of parsley and chives, and some- 
times of parsley only, but it should correctly 
also include chervil and tarragon [3D]. In 
former times burnet, chopped mushrooms 
and shallots were part of the fines herhes 
ture. These herbs are usually added to 
quickly cooked dishes, particularly 
omelettes, or sprinkled as a garnish over 
meat and fish dishes and young vegetables. 
They may also be incorporated in butters and 
sauces to serve with meat and fish 


3a 8 


3 Rosemary (Rosmari- 
us officinalis) (A) is 


Sage (Salvia officin- 
atis)(B) comes trom 


astrongly flavoured the Mediterranean. 
herbthatcanbere- The aroi aves 
miniscent of camphor, sed with onions 
Small sprigs ar ed = in stuffings for 


to season roast lamb, 
pork, voal, rabbit, 

kid and grilled fish, 
particularly in haly. 


meat and, in Germany 
and Belgium, ois also. 


aa B 


4 Sorrel (Rumex aco- 
tosa) [A] leaves may 

be cooked whole like 
spinach or made into 


Myrtle (Myrtus comm: 
unis) |B] is an ever- 
green aromatic shrub 
from the mountains 


8 purée with butter around the Mediter- 
to be served cold ranean and is used to 
with fish, fatty meat season lamb. The 


scented. purple-black 
berries which follow 
the white flowers 
were formerly dried 
and used like pepper. 


and poultry; the 
young bitter leaves 
can be used in small 
quantities to season 
soups and salads, 


Gremolata, an Italian version of fines 
herbes, is made up of finely chopped parsley 
and anchovy, crushed garlic and grated 
lemon rind. Gremolata is used both as a sea- 
soning and a garnish with many Milanese 
dishes, notably the veal and tomato dish osso 
buco (stewed veal knuckle). 


Potpourri and pomanders 

All their other uses apart, aromatic herb mix- 
tures can be enriched with dried, scented 
flowers to make up a potpourri. Sweet mar- 
joram [2C] and sprigs of rosemary [3A] can 
be mixed with clover and petals and small 
buds of roses, verbena and pelargoniums. 
They are sometimes enclosed in linen 
satchets but are most often seen in decorative 
china containers that may be placed in cup- 
boards and on table tops to release their scent 
throughout the room, 

Pomander balls are made from oranges, 
lemons and limes impregnated with a mixture 
of herbs and spices, including rosemary, 
nutmeg and cinnamon, and stuck with whole 
cloves. They were once believed to be effec- 
tive protection against infections, 


Tarragon (Artemisia 
dracunculus) |C] is 
popular in French 
cooking. The aromatic 
ves are used, fine- 
Iy chopped, in sauces, 
butters, soups, 

salads and vinagars. 
Thyme (Thymus vul- 
garis) |D] has a pun- 


gent aroma and when 
Gried retains much of 
its flavour. It 


soups, with fish and 
in stuffings for meat 
and game, Itis an 


w% 


Borage (Borago be added to salads, 
officinalis) IC] is yogurts and cream 
native to southern cheese. In Italy 
Europe and was intro: borage is used as a 
duced to Britainby stuffing for ravioli, 
the Romans. The boiled like spinach 
hairy leaves hi or fried in batter. The 


cucumber scentand pale blue flowers are 
flavour and are most sometimes candied 
often used in iced and used to decorate 
drinks; young leaves, cakes, desserts and 
finely chopped, may confectionery. 


Key 


essential ingredient 
of a bouquet garni. 


are equally useful 
‘The feathery, palo- 
green foliage can be 
used, finely chopped, 


Angelica (Angelica 
ingelica) |D] 
has many uses in 
cookery, its stems, 
leaves and seeds have 
a characteristic 
musky flavour. Young 
ems are candied 
or crystallized and 
used for decoration 
of cakes and trifles, 
The leaves are 


Bouquet garni\s tho 
classic flavouring 

for stocks, soups and 
casseroles; it usually 
consists of parsley 
sprigs, thyme and bay 
leaves tied in muslin 
or between celery 
sticks. Rosemary, 


is scarce, The leaves 
aro sometimes dried 
and used instead of 

colery salt, Summer 


cooked as vegotabi 
in many northern 
countries and they 
can also be used to 
flavour orange mar- 
malade, Young shoots 
can be blanched and 
added to salads. 
Roots and seeds are 
used În the manutac- 
ture of liqueurs, 
vermouth and gin. 


basil, marjoram or 
oregano may be add- 
ed to give a distinc- 
tive flavour. Garlic, 
peppercorns and or 
orange peel can be 
used iti 


n addition 


al 


savory (Satureia 
hortensis) |F] is a 
member of the mint 
family. The pungent 
leaves should bo 
used young, befor 
the herb flowers, as 
flavouring for salads 
soups, fish and 
vegetable dishes. 


‘Salad burnet (Poter- 
im sanguisorba) [E] 
is another herb with 
a cucumber flavour. 
it is used fresh to 
flavour salads and 
salad dressings. The 


should be used. 


Berries, nuts and olives 


Of all the fruits eaten by man the strawberry 
is one of the most prized. The natives of Chile 
were cultivating plump, aromatic strawber- 
ries [1] long before Europeans reached South 
America. In the early eighteenth century 
these plants were brought to Europe and 
crossed with the already established North 
American sweet variety. A new strawberry 
(the one eaten today) was produced, com- 
bining the size of the one with the excellent 
flavour and colour of the other, and is known 
botanically as Fragaria ananassa. 

The red raspberry (Rubus idaeus) is 
native to most European countries, although 
the best crops come from temperate areas 
where summer days are long. Different var- 
ieties of the fruit have been developed for 
other conditions, A yellow raspberry is also 
grown in England as is the hybrid loganberry 
— a cross between the raspberry and black- 
berry (Rubus fruticosus) -which originated in 
California. Other types of hybrid blackberry 
are the boysenberry and the phenomenal 
berry, similar to the loganberry but with 
slightly larger fruit, 

The hardy blackberry with its trailing 


Redeurrants 
Ribas rubrum 


Loganbarrios 
Rubus wisinus/ 
Loganobaccus 


Strawberrion 
Fragaria 


1 Succulent fruits 

such as the raspberry 

have been popul 

and widespread since 
ncient times. The 

soft red flesh of 

this berry makes it 

an ideal fresh des: 

sert. Blueberries 

and blackcurrants 

are both rather acid 

and these fruits are 
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better cooked or 
made into jellies. 
Gooseberries make 
a delicious filling 
for tarts and pies 
The soft purplish 
black fruit of black 
berries does not 
keep for long and 
these should be 
used as a pie filling 
soon after picking 


Cranberries 


macrocarpon 


brambles and clusters of fruit is a familiar 
wild plant in many places. The black mul- 
berry (Morus nigra) has been cultivated for 
centuries both for its dark red fruits and for 
its ornamental attraction. The white mul- 
berry (M. alba) originated in China and its 
leaves are used in silkworm culture 


Fruits for the epicure 
Bilberries, blueberries and whortleberries 
are all species of Vaccinium. Cranberries, 
native to Europe and America, also belong to 
this genus. Their crimson, acid fruit make an 
agreeable sauce or jelly to accompany ven 
ison or turkey. The scarlet berries of the 
rowan or mountain ash are inedible when 
raw, but, cooked and jellied, they lend a tart 
contrast to game and venison. Red, black and 
white currants (Ribes spp) are familiar as 
arden plants and have been grown in 
Europe since the fifteenth century. Rich in 
vitamin C, blackcurrants were once regarded 
as a cure for sore throats but are now 
gathered to make fruit syrups, jams and jel- 
lies. Redcurrant jelly is used in France with 
game stews and in Britain with roast lamb. 


Raspbovvies 
Rubus idaeus 


Blusberries 
Vaccinium 
corymbosum 


Blackcurrants 
Ribes nigrum 
Gooseberries 
Ribes grossu 
Blackborrion 
Rubus 
fruticosus 


Vaccinium 


The cranberry is 
most often used to 
make preserves and 
sauces or to add 
flavour to meat 

Juicy red straw 
berries, eaten fresh 
with cream and sugar, 
are one of the 

most popular berries, 
Sweet loganberries 
are served stewed 


with sugar. Redcur 
rants are also eaten 
trash as a dessert, 
or as an excellent 
jelly. The dewberry 
is similar to the 
blackberry but has 
a trailing stem 

and the fruit 

is generally thought 
to possess a 

finer flavour. 


Closely related to the currants is the 
gooseberry (Ribes grossularia) whose green- 
ish fruits have been a common sight in 
English gardens since 1600, This deciduous 
plant flourishes in northern climates even up 
to the Arctic Circle. The red, green or yellow 
berries can be sweet or acid, smooth or hairy, 
some making reasonable dessert when fully 
ripe, but are excellent for bottling, jam, and 
pies and of course for making gooseberry fool 
in which the fruit is stewed, made into a purée 
and mixed with cream or custard, 


Nuts for the confection box 

The sweet almond (Prunus amygdalus) [5B] 
is one of the world’s most popular nuts and is 
indigenous to the eastern Mediterranean. 
Those grown in Jordan are particularly fine 
for making sugared almond. Sweet almonds 
are an essential ingredient of Florentines, 
marzipan and dainty petits fours, and bitter 
almond provides the essence to flavour 
confectionery. One of the most delicious 
sweetmeats is the candied marrons glacés of 
southern France, made from the large Euro- 
pean chestnut (Castanea sativa) [5c]. Chest 
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leties of olive tree 
are grown primarily 
for their oll, a com- 
modity prized not 
least by the ancient 
Greeks who used it 
to anoint their 
bodies. Sometimes 
the oil-bearing 

fruit is beaten from 
the trees, although 
in many Mediterran- 
ean groves it is 
picked by hand. To. 
day the processing 
of olive oil is an 
extremely important 
industry. The fruity 
green olive oils of 
Tuscany, Greece and 
Cyprus are strong in 
flavour. More deli 
cate virgin oil from 


by a primitive 
press. Today, mills 
clean the fruit and 
crush it coarsely 
between grinders. 
The pulp is collec: 
ted in cloths and 
pressed between 
heavy racks. Called 
virgin oil, the pro 
duct of this first 
pressing is of fine 
quality. But as the 
pulp is subjected to 
further pressings 
the liquid obtained 
becomes inferior 
The oil is washed to 
remove bitterness 
and filtered for 
bottling. Some var. 


CONNECTIONS 


2 The olive is one 

of the oldest crops 
in the world, Both 
immature green and 
ripe black olives 

are bitter and 
inedible before pro- 
cessing. But treated 
with an alkaline solu 
tion and soaked in 
brine — an early pro: 
cess still in 
today - the olive 
becomes a noble 
delicacy. The olive 
tree grows quite 
slowly, but may live 
for more than 1,000 
years. There are 
hundreds of named 
varieties of olive. 


the Provençal olive 
is used for salads 
and mayonnaise. 
Tunisia is another 
major olive oil 
producing region. 
There are other veg. 
etable oils in use 
for cooking and 
salads, Walnut oi 
even more expensive 
than olive oil, is 

kept by cooks to 

dress salads for 
special occasions. 
Groundnut or pea- 
nut oil, largely 
produced in West 
Africa, is tasteless 
and is therefore 

used as a general: 
purpose oil for frying 
and for salads. 


nuts are roasted or used to make preserves. 
The pecan (Carya illinoensis) [4C], one of 
the finest of oily nuts, has a mild but distinc- 
tive flavour much in demand for baking and 
confectionery. In the United States, where it 
is extensively cultivated. itis also popular asa 
dessert nut. The elongated, brown shell of the 
pecan holds a fruit similar to a walnut, to 
which it is related. The Brazil nut [Key B] 
(Bertholletia excelsa), indigenous to the 
Amazon valley, is among the choicest dessert 
nuts seen on European Christmas tables 
This slightly oily nut, tasting faintly of 
coconut, also features in confectionery 


Salt and savour delicacies 

Walnuts are also popular nuts. Although the 
black walnut (Juglans nigra) of America is 
used in sweet dishes, the pronounced flavour 
of most walnuts is an ideal contrast to the 
richness of caramelized sweets, layer-cakes 
and sugary pastries. In France, fresh walnuts, 
accompanied by a glass of new wine, are 
eaten with hot bread, course sea salt and 
sweet butter. Roasted hazel nuts [4A] are 
served with the local wine at Avellino, a small 


4 Ripe, froshhazel = 4A 
nuts [A] are par 

tially covered with 
leafy husks. These 
nuts grow wild but 
cobnuts and 

filberts aro two 
common varieties 
cultivated in England. 
Cashew nuts [B] are 
grown in the tropics. 
Each bean-shaped nut 
is formed ber 
ike fr 
inner and a 
‘outer shell which ai 
removed before the 
nut is roasted. 
Mottled brown shells 
of the pecan [C] 
burst apart to re- 
lease the ripe nut, 
The pecan, a rela- 
tive of the walnut. 
grows on large trees 
which are found In 
the temperate parts 
of North America, 
Pecans make excel- 
lent dessert nuts 
and are also salted 
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town near Vesuvius, in Italy, hence their 
specific name Corylus avellana. These slow- 
roasted, pale golden-brown nuts have been 
famous since Roman times, The shiny, round 
hard-shelled Macadamia or Queensland nut 
is yet another variety of walnut that is served 
with drinks 

The pistachio (Pistacia vera) a pale green, 
finely textured nut, is prized as an ingredient 
in patés and sausages and as a colouring for 
confections. The waxy, ivory-coloured seeds 
of a considerable number of species of pine 
are invaluable as a seasoning for savoury 
dishes, The fruits of Roman or stone pine 
(Pinus pinea) [5B] are used by the Italians as 
a sweetly sour stuffing for sardines. 

Peanuts or groundnuts (Arachis 
hypogaea), native to Brazil and Peru, were 
cultivated by the ancient Incas and Mayas. 
Peanuts, which are not true nuts but pulses, 
like peas, are a major source of edible oil 
They are used for their rich dominating 
flavour in Oriental cooking, and in the West 
salted peanuts are served as snacks. The 
pleasant taste of cashew nuts (Anacardium 
occidentale) [4B] is enhanced by roasting. 


5 Raw or roasted, a 
seeds of the stone 
pine [A] may be 
or used for cool 
ing. The pine cones 
open in the heat of 
the sun to reveal a 
waxy kernel. Many 
species grow in the 
Mediterranean area 
Bitter and sweet al. 
monds [B] related to 
the stone fruits like 
the peach are culti- 
vated in temperate 
climates. Sweet al- 
monds are edible but 
the kernel of the 
bitter variety is 
inedible and used 
only for the extrac: 
tion of its oil 
t chestnuts IC] 
variety 
ince Roman 
hay may be 
roasted. boiled. 
ground into flour or 
fed to livestock. The 
best quality chestnuts 
grow in southern 
Europe, and ai 
used in France's can- 
died marrons glacés. 


Black mulberries 
(Morus nigra) [A] 


grow on short, squat 


trees cultivated in 


Eura 


and North 


America for their 
fruits. Brazil nuts 
(Bertholletia excelsa) 
[B] grow on a large 
Amazonian tree. 


(Olea euro- 
picked green 
IC} before they ripen 
or as black olives 

1D] after they ripen 


Se 


Fibre and oil crops 


Men cultivate plants not only for food, but 
also for their oil and fibre content, Vegetable 
fibres are obtained from the fruits, leaves and 
stems of plants. These fibres consist largely of 
cellulose. a long organic molecule of the 
sugar or carbohydrate family which forms the 
walls or membrane of plant cells and makes 
up as much as 90 per cent of the cell. Fibres 
are characteristically strong and pliable, 
allowing plants to bend without snapping 


Various types of plant fibres 
Archaeological evidence from caves in 
Mexico and the American southwest reveals 
that fibres were already being used more than 
10,000 years ago, Apart from using flax 
hemp and other fibres to make ropes, nets or 
sacks, early man made crude fabrics by 
pounding the fibrous tissues of certain trees 
and plants into flat sheets of "bark-cloth”, 
such as the Polynesian rapa still made today 
By 3000 BC cotton was being spun into yarn 
and woven into cloth in India while the 
manufacture of linen was well developed in 
Egypt even earlier 

Fibres from different parts of a plant have 


1 The cotton plant is 1 
a shrub-like annual 

native to subtropical 
regions the world 

over. After rapid 
flowering, small 

green seedpods (bolls) 
develop. The cotton 
seeds within the bolls 
sprout a mass of 


fine fibre hairs. 
When mature, the 
bolis rupture and a 
soft cloud of cotton 
erupts. The crop is 


hand or machine and 
then taken to be 
ginned (separating 
the seeds from the 
fibres), cleaned, 
carded and spun into 
yarn. Of four dif- 
forent species of 
cotton now culti- 
American Up- 
land and Egyptian are 
the most important. 
The former accounts 
for some 85 per cent 
of the world’s 

cotton production, 


to 3000 BC in India 
and Central America, 
The highly durable 
and versatile fibre 


has been used for 
countless purpos 
ever since, The 

longest, high-quality 


Hemp Cannabis sp © 


3 Hemp is a well- is dried and then 
known source ofbast ripped apart for the 
fibre. First used fibres found in its 


in Central America long, woody stem. 
nearly 5,000 These yellowish to 
ago, it has since grey coloured fibres 
found its way to are stronger than 


most temperate 
regions. It grows 

up to 3m (10ft) in 
height [A]. After 
harvesting, the hemp 
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flax but far coarser. 
They are easily 

d into rope or 
twine or else woven 
into sacking and other 


varying characteristics. Bast fibres come 
from the inner tissues beneath the bark of 
dicotyledons (plants having two seed leaves) 
Made up of long overlapping cells, they are 
bedded in a cementing material that must be 
removed before the fibres can be peeled 
apart. Bast fibres are known as “soft fibres” 
and are particularly flexible. They can be 
made into rope or twine or woven into 
coarse, heavy-duty sacking. Jute [4], hemp 
[3] and flax [5] are the most commercially 
important and flax can also be woven into a 
soft, fine fabric known as linen [6]. 

By soaking, or retting, the long stems in 
water, the material binding bast fibres 
together is partially decomposed by micro- 
organisms in the water. The stems are then 
beaten and passed through rollers that 
separate the softened fibres from the 
mucilaginous matter. Jute fibres are stripped 
away by hand 

Leaf fibres, mostly obtained from peren- 
nial plants, are part of the vascular structure 
of leaves, They have a stiff texture and are 
much shorter than bast fibres. In a process 
called decortication, rolling machines crush 


2 


are made into 
laces and fine fab- 
tics while coarser 
fibres are used to 
make sheets, carp 


and industrial pr 
ducts such as thread, 
fiim, plastics, paper 
and cotton wool. 


4 Jute is native to 
India, This tall 

nual plant yields 
a fine bast fibre 
that is cheap, easy 
to bleach and dye 
and can be res 
woven into coarse 
fabrics, sacking, 
ropes and twine. 


4 Jute Corchorus sp 


coarse fabrics. Hemp 
was in demand in the 
days of sail when it 
was used for rope 
[B]. Today, sisal 

and synthetic fibres 


are cheaper and more 
durable. Oil is ex 
tracted from hemp 


cotic drug, cannabis, 


5 Flax Linum sp 


the leaves, scrape off non-fibrous matter and 
wash it away with jets of water. These “hard 
fibres” are generally too stiff to be made into 
fabrics. Their major use is as cord, twine, 
brush bristles and coarse sacking, The most 
important leaf fibres are sisal, hennequen 
and abaca. 

Seed fibres grow as fine hairs on the seeds 
of certain plants [1]. Each individual fibre is a 
single, clongated cell, Cotton [Key], coir and 
kapok are the only seed fibres of any major 
commercial value. Of the three, only cotton is 
suitable for spinning into fine yarn [2]. Kapok 
is mainly used as stuffing or insulation, and 
coir is made into ropes, sacks and brushes 


‘Vegetable oils for the human diet 
Vegetable oils are essential to the human diet 
and contain more energy per unit of weight 
than any other food. Unlike mineral oils, they 
consist primarily (over 95 per cent) of tri 
glycerides ~ combinations of glycerol and 
stearic, lauric, oleic, linolenic and similar 
fatty acids 

Extraction of oil from the seeds and fruits 
of plants that have commercially significant 


5 Flax thrives in 
moist, temperate cli 
mates. Only one of 
several species is 
cultivated for its 
fibre and rich oil 
seeds. After harv 
ing, flax stem 
retted (soaked in 
water) to soften the 
fibres which are 
then spun into yarn 


6 Flax and jute pro- 
duets expioit the 
different qualities 


fabrics made from 
flax which combine 
e strength with fine- 
ness and pli 
Linen is also highly 
absorbent and is used 
for tea towels. Flax 


CONNECTIONS 


can be made into rag 
pulp for cigarette 
papers. Jute is a 
coarse, strong fibre 
which can be cheaply 
produced and is 
therefore made into 
rope or materials 
such as hessian, 
scrim and burlap 
for sacking and 
furnishing uses. 


amounts is possible only if the oil-bearing 
cells are first ruptured by heat and pressure. 
Typically, seeds are hulled then coarsely 
ground and "cooked" to reduce their mois- 
ture content as much as possible, They are 
then fed into either hydraulic or screw 
presses that crush the seeds into a pulp and 
release their oil content, Alternatively, 
cooked, flaked seeds are passed through a 
solvent bath consisting of hexane, carbon 
disulphide or similar volatile solvents. Oil 
and solvent are separated by distillation. 

Vegetable oils, which can be broadly 
distinguished from fats by their liquid phys- 
ical state at room temperatures, have both 
edible and nonedible uses. Early Mediterra- 
nean civilizations, for example, not only con- 
sumed olive oil but also used it as a grease and 
lubricant. Other oils were made into soaps, 
burned in lamps or used to make paints and 
varnishes. 

Demand for vegetable oils has risen 
spectacularly, Today soya beans are the 
single most important source of vegetable oil. 
The oil (16-18 per cent by weight) is 
extracted from the beans by the solvent pro- 
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Groundnut 
Arachis 
hypogaea 


9 To produce coco- 
nut oil the coconuts 

are first harvested 
and dried [1]. The 
dried fiesh, or copra, 
is loaded into a silo [2] 
and then fed through 
a cleaning and 
crushing mill [3]. Th 
pulp is then heated [4] 


oil, and then passed 
through an expeller 
[5] in which the oil is 
Squeezed out by a 
screw. This oil is then 
filtered [6] and is 
ready for refining 
The pulp is dried (7) 
and broken |8] again 
and passed to a sol- 
vent extractor [9] 

whi maining 
oil is removed by a 
petroleum solvent and 
the residue taken off 
as cattle feed 110]. 

The solvent is dis- 
tilled out [11] and the 
oil joins that from the 
expeller to be bleach- 
ed [12], filtered [13] 
and deodorized |14). 


ae 
ATU 


Key 


cess, If it is to be made edible, the oil is further 
refined to be sold us an odourless, almost 
colourless cooking oil with free fatty acids 
removed. If it is to be turned into margarine 
(an emulsion of oil, skim milk, flavouring and 
preservatives) or shortening, it is also passed 
through a hydrogenation process, This turns 
Unsaturated fats into saturated ones with a 
higher melting-point and greater stability. A 
variety of industrial uses for soya bean oil 
includes paints, varnishes and the manufac- 
ture of synthetic alkyd resins, 


Industrial oils and their uses 
Apart from soya beans, the most important 
edible oils [7] are peanut, corn, cotton seed, 
rape seed, sunflower, coconut [9] and olive 
The main industrial oils [8] are castor, 
tung and linseed, all of which contain a 
greater amount of free fatty acids and other 
contaminants such as resins and sterols than 
edible oils. Industrial oils are used in the 
manufacture of soaps (for which purpose 
they are treated with caustic soda or potash), 
detergents, plasticizers, cosmetics, paints and 
a variety of chemicals. 


Cotton is a valuable 
plant, providing both 
fibre and oil. The 
fibre grows on the 
seeds and is separ- 


7 Seeds and fruits 
‘of many plants pro- 


8 Linswod Linus sp 


yield a light, high- 

lity oil used in 
margarine, shortening 
and confectionery. 
Rape seed and corn 
germ both have an oll 
content of some 40- 
50%. Groundnuts, or 
peanuts, are the 

next most important 


source of vegetable 
oil after soya beans. 


‘Sunflowor 
Helianthus annuus 


ind linseed oil in 
lubricants, chemi- 


as almond and pine 
which bear the 
essence of a plant's 
fragrance are used 
as scents in soaps 
and perfumes and as 


Maize (corn 
— flavourings in food, 


Zen mays 


ated from them by 
ginning. The oil is 
extracted from the 
seeds. Cotton culti 
vation is the chief 


activity of such 
regions as the south- 
ern United States, 
where ripe bolls were 
‘once picked by hand, 


Almond Prunus amygdolus 


Pine Pinus so 
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Forestry 


Forestry is the art and science of managing 
stands of growing trees and their associated 
soils —and, by extension, plant and animal life 
so that they yield the greatest possible 
benefits to mankind. Timber, firewood and 
pulpwood for papermaking are the main 
economic forest produce. Woodlands are 
also valued for soil conservation, the 
safeguarding of water supplies, their scenic 
attractions and many forms of recreation. 

Every good forest manager normally aims 
to bring these objectives into balance by 
applying the concept of multiple-use 
forestry. Profitable timber production may 
become his sole objective. 

In most countries much, or even all, of the 
forest area is state owned, Where woodlands 
are privately owned it is usual to find some 
state control, because the long-term objec- 
tives are too far-reaching to be left entirely to 
individual owners, 


Natural woodland 
Natural forests once covered nearly two- 
thirds of the world’s land surfa but clear- 
ances for farming have reduced this figure to 


3 Selection forests 
are managed tose: 
cure regular yields 
with minimum disturb- 
ance to the environ: 
ment, Because trees 
of different kinds and 
ages stand side by 
side, they are also 
called multi-species 
and uneven-aged, In 
Oregon, USA, there 
are lodgepole pine 


(Larix laricina) (4), 
Douglas fir (Pseu- 
dotsuga menziesi |5), 
ponderosa pine 
(Pinus ponderosa) |6] 
and red pine (Pinus 
resinosa) (8), Trees 
are selected every 
few years for 
felling [1] andthe 
logs are hauled out 
by askidding trac- 
tor [7]. Atree must 


(Pinus contorta lat- be folled and 
itolia) (2), shore removed while 
pine [3], tamarack it is still healthy. 
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barely one-third today. Forests grow mainly 
on mountainous or remote regions on slopes 
or soils unsuited to agriculture. The world’s 
4,035 million hectares (10,000 million acres) 
of forest yield 2,000 million tonnes of timber 
annually, equivalent to half a tonne of wood 
for each of the earth's inhabitants. This yield 
is only one per cent of the volume of standing 
timber. Foresters always aim at sustained 
yield, so that future needs can be met, in pe 
petuity, by maintaining adequate areas of 
forests and volumes of standing timber, that 
is living, growing trees. Although these 
stocks are already seriously depleted 

Natural forests still dominate vast areas of 
the northlands, particularly those of Canada, 
northern Europe, Scandinavia and the USSR, 
and many other mountainous regions of the 
world. In the north temperate zone most 
forest trees are conifers which yield the soft- 
woods in great demand for building, pack- 
aging and paper pulp. Farther south, the 
temperate-zone broad-leaved trees, such as 
oak, ash, beech, birch and sycamore, domi- 
nate the native woodlands and provide a 
source of temperate-zone hardwoods, each 


1 Natural forests, 2 
untended by man, can 
attain equilibrium 
with their surround: 
ings and endure for 
thousands of years. 
Asindividual treos 
age and fal 
through windthrow, 
fungal decay or 
lightning strikes, 
they are replaced by 
younger trees 
springing from self 
sown seed, Inthis 
view of a North 
American forest the 
principal trees are 
Scots pine [1], 
Norway spruce 

[2] and birch 13). 


Asthe trees compete 
for sunlight, water 
the 


suppressed by the 
stronger ones. Seed 
from the overcrop 
produce young trees 
which then grow 
upinthe gaps 
caused by felling, 
Large logs are 
sold to sawmill 
and smaller 
ones are used 
for paper pulp. 


valued for specialized uses, such as ship- 
building or furniture making. 

In many tropical regions of the Americas, 
Africa, Asia and northern Australia, broad- 
leaved trees may grow in extensive, close- 
ranked rain forests or, where the rainfall is 
lower, on open savannas. Most of the many 
and varied hardwoods they produce are 
mainly used locally, but the best of them, 
such as teak, mahogany, greenheart and 
rosewood, are exported and used worldwide. 


Selection forestry 

Selection forestry [2] provides the simplest 
means of producing useful timber with the 
least disturbance to the environment and at 
the lowest cost. After an exacting study of the 
trees growing in the area, their rate of growth 
and replacement by self-sown seedlings, a 
skilled, experienced forester draws up a 
working plan, Under this, each portion of the 
forest is tackled in turn, possibly one-tenth 
being dealt with each year for ten years, after 
which the working cycle is repeated, The 
workers fell selected mature trees, so 
creating gaps that will be filled gradually by 


2 Toestablish a 
single species forest 
seeds are collected 
from cones of high 
quality specimens of 
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the tree required [A] 
ina nursery [B] the 
seeds are plantedin 
rows|1] andthe seed 
lings are later planted 
out [2]. On the forest 
site [C] the 4-year-old 
trees are planted [3] 
Ifieft unchecked the 
volume of wood grown 
after 30 years [4] 
would be less than that 
obtained if the forest 
were thinned at 5-year 
intervals and alithe 
wood collected [5] 
After 30 years [D] 

the volume of wood 
produced annually per 
hectare declines [6] 
anditis harvested. 


natural seedlings, and thin out groups of 
smaller, still immature specimens. This 
method causes minimum disturbance to the 
forest canopy, soil, wildlife and scenery. It is 
favoured in national parks and on mountain- 
sides where soil erosion might follow clear 
cutting or avalanches occur should the slopes 
be exposed. 

Even-aged, single-species forests [3] are 
the obvious choice where people have to 
plant bare land to increase a country’s timber 
supplies, replace uneconomic scrub with 
worthwhile trees, or make good devastation 
due to past clear cutting or forest fires. By this 
method, trees are grown like a farm crop. 
though over a much longer period of time, to 
meet the needs of expected future markets at 
fair profits. A careful choice is made of the 
most profitable tree for the land available 
and this often proves to be a foreign one, For 
example, Monterey pine (Pinus radiata), 
native only to California, is widely grown in 
South America, South and East Africa, 
Australia and New Zealand, and Australian 
eucalyptus trees, such as Eucalyptus globulus, 
are planted in India 


5 Teak (Toctona 
grandis) occurs in 
the jungles of 


4 European oak 
(Quercus robur isa 
traditional source 
of exceptionally 
strong, durable 
and beautifully 
grained hardwood 


Burma and Indo: 
nesia. Outstanding 
strength, resistance 
to chemicals, work 
ability and attractive 
golden-brown colour 
ensure its use inter 
nationally in ship: 
building and 

. sturdy furniture. 


9 In Sweden, Canada 
andthe USSR, 
even-aged crops are 
nowsawn or sliced 
down by afelling ma- 


chine [1] which cuts 
the tree near the base, 
using a movable grab 
to lay the trunks in 
conveniently placed 


Selected seed, which can be cold-stored if 
required for several years, is sown in well 
cultivated and fertile soil in nurseries, usually 
in spring. The resulting seedlings are trans 
planted, when one or two years old, to trans: 
plant beds, partly to give them more growing 
space but also to promote vigorous growth of 
fibrous roots and check too rapid shoot 
growth. One or two years later the saplings 
are planted, either by hand or on easy ground 
by machine, at their final positions in the 
forest. As they grow taller, the forester pro- 
tects them against damage by disease, insect 
pests, weeds, browsing animals and fire. 


Thinning out and harvesting 

After 15-25 years the first harvests begin. A 
proportion, often about one quarter, of the 
trees are harvested as thinnings, to give the 
others more growing space, This thinning. 
out process is repeated every few years until 
the crop is considered mature. Then, at an 
age of, from 40 years for spruce and pine, to 
perhaps 200 years for oak, the whole forest is 
harvested in the final felling [8]. The land is 
then replanted with its next tree crop. 


7 


6 Amorican mahog. 
any (Swietenia 
macrophylla), native 
in forests ot the 
Caribbean region 
attracted early Span. 
ish explorers with 
its firm, red-brown, 
lustrous and readily 
worked timber, Itis 
sed to build strong 
high-grade furniture 
andinthe ship: 
building industry 


7 Douglas fir (Pseu: 
dotsuga menziesii), 
which forms vast 
forests in western 
North America, is 
now extensively 
planted in Europe. 

Its fast-growing tim: 
ber holds strong, dark 
summer-wood bands, 
making suitable for 
construction work, 
joinery and heavy: 
duty plywood. 


bundles. These are 
then dragged from 
the felling site bya 
skidder [2] and de- 
liveredto the pro- 


cessor [3]. The tele 
scopic grab of the 
processor feeds the 
tree, butt first, 
into a ring of ro. 


Planting trees by 
hand is the usual 
method because most 
forests are estab. 
lished on sloping 
rocky ground or land 
carrying the stumps 
of a previous crop 
where machines can 
not operate, This 
planter carries four 
year-old Douglas fir 
transplants in a bag 
that keeps their 
foots moist, Using 
his spade, he cuts 
adeep V-shaped 
notch in the soil 
and opens the gap 
He then inserts the 
tree's roots into 

this to their correct 
depthandfirms 

the soil around. 
Planting isdonein 
late autumn or 
spring, before ac: 
tive growth starts; 
thereafter the 
roots are able 
tomake vital 
contact with 

soil moisture. 


8 Felling with 
power-driven chain 
saws has generally 
superseded the use 
ofhand axes and 
saws. To bring down 
this tall Douglas 

fir, the lumberjack 
first makes an under- 
t, slicing out a 
wedge of timber from 
the side towards 
which he wants the 
tree to fall. Removal 
of support causes 
the treetoleana 
little, putting re- 
maining fibres under 
tension, Next, he 
makes a clean cut 
fromthe opposite 
side, breaking fibres 
that spring away 
from his saw, 80 
that it does not jam, 
Now, asthe last 
slender segment 

of wood breaks, 

the tree keels 

over safely 
tolandinthe 
desired direction. 


float freely, Atthe 
‘sawmill, they are 
halted by a boom, 
then stored, still 
floating, ina 
pool until each 
inturnis drawn 
totheendless 
chain that litts 
them ashore. 


forest. They arethen 
drawn on sledges 
pulled by tractors 
over ice-bound roads 
tolieonthe 

ice of a frozen 

lake. Whenthe 
spring thaw comes, 
boatmen guide them 
downstream and they 


10 Floating logs 
down rivers is the 
traditional, cheapest 
way of transport 
from upland forests 
to sawmills sited at 
river mouth ports. 
These logs are 
felled, during winter, 
inthe Canadian 


10 


tating blades which 
remove the branches. 
Italso saws the re 
sulting logs into 
standard lengths. 
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The modern tree nursery 


Botanist-explorers have brought to garden. 
Park and arboretum thousands of species that 
once lived in distant and perhaps largely 
unapproachable habitats. In a more prosaic 
undertaking, nurserymen have also contri- 
buted to the huge range of trees available 
An explorer brings home a new species or 
a new variety of a known species. A nursery- 
man frequently crosses one species with 
another to produce a hybrid with a better 
commercial “performance” — that is to say, 
one that is easier for an amateur to establish, 
perhaps with a faster growing period or more 
attractive blossoms than either of its parents. 


Special cultivation 

The nurseryman also keeps a careful watch 
on his seed beds for any interesting deviant 
that nature may send his way. Many of the 
most-planted trees today have been selected 
from mutants that normally have to be main- 
tained by man. A few “cultivars” (the var- 
ieties selected for their desirable qualities) 
reproduce themselves faithfully from seed, 
but a great number can be kept in being only 
through the arts of propagation that bypass 


1 The tree nursery, 
with machines and 
scientific methods to 
supplement the more 
natural methods of 
plant propagation, 
has played a major 
part in introducing 
new species of plants 
to many areas. 


2 Many new cultivars 
of trees cannot be 
grown from seed and 
itis necessary to 
propagate them veg- 
etativaly (avoiding 
the normal sexual 
processes) by means 
of cuttings or 

grafts, for example, 


3 In this nursery, 

an open barn [1] 
holds tractors and 
implements, There is 
a cutting and graft 
ing house [2]; if cut 
tings do not strike, 
grafting on to quick 
rooting stocks is 
practised. The mist 
house [3] has benches 
fitted with spray 

bars that maintain 
the heavy mist in the 
air around the boxes 
of cuttings, produc: 
ing ideal conditions 
for the cuttings to 
root. Seeds of popu 
lar trees are sown in 
quantity [4], the flow 
being regulated by an 
Operator sitting on the 
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the sexual systems: rooting, cuttings, layering 
or grafting. Cultivars produced by inter 

specific hybridization are usually sterile and 
this means that the various vegetative means 
of propagation are the only ones available to 
the nurseryman. 

The names of many of the famous nurse 
ries of the past are preserved in the names of 
plants they have bred or selected: Lucombe 
of Exeter, Hillier of Winchester, Späth of 
Berlin, Vilmorin of Paris (Sorbus vilmorinii) 
Veitch of Chelsea (Ampelopsis *veitchii) 
These names are as familiar to the committed 
gardener as the great names of today 
Hillier, Treseder of Truro, Hesse of Bremen 
Germany, or Gulf Stream of Virgi 

The greater part of the work of a commer- 
cial nursery, however, is simply the produc- 
tion of a wide range of plants up to the pack 
aged stage for the customer. The modern 
trend inevitably is to confine production to 
species and cultivars that have the greatest 
public demand. The nursery illustrated below 
[3] is modelled on one ~ Hillier of Winchester 
~ that sets out to do the opposite. Their 
Manual of Trees and Shrubs is also their 


catalogue, listing almost 8,000 species of 
trees, shrubs, climbers and bamboos hardy in 
the Northern Hemisphere 


Moving established trees 
Trees grown in nursery conditions are the 
easiest to replant; much of the cultivation 
that has gone into them has been to this end. 
It is possible, with care, to move established 
trees and replant them in a more suitable 
situation. Large trees are clearly the most dif- 
ficult and require either a large labour force 
or a huge machine, Even then the tree will 
not survive unless laborious preparations, 
beginning perhaps two years or more before 
are made. Trenches are dug, first around one 
side of the tree, then the other, after a year's 
interval, and filled with leafmould. The tree 
then fills the leafmould with fibrous feeding 
roots to make a compact root system that can 
be moved without half of it being lost. In 
nurseries on light sandy soils trees may be 
moved each year so that deep roots do not 
develop and transplanting is easy 

The easiest trees to move, and ones that 
amateurs can shift around within their own 


>@O®@ 


CONNECTIONS 
See aiso 


gardens, are typical garden conifers, the cyp 
resses and Thuja spp which have small zones 
of dense root close to the soil surface. It is 
easy for two men in a day to prepare a new 
hole and then unearth and transfer a tree of 
up to 6m (20f1), losing hardly any root. With 
a strong stake or guy ropes, and regular 
watering for at least a year, success is likely 

Planting a tree can be simple — and is, for 
example, in forestry plantations where tens 
of thousands of trees are planted. Holes are 
made, the trees inserted and the soil made 
firm. But care and attention improve the 
chances of success with garden trees. “Basin 
planting”, with the tree placed in a little 
hollow, will encourage moisture flow in dry 
areas as, in contrast, "mound planting”, with 
the tree raised slightly above ground level, 
helps where the ground is very wet 


Best planting times 

In regions where winter conditions are 
severe, all planting is best left to carly or mid- 
spring, when the ground is thawed and not 
too sodden. In more temperate areas, 
deciduous trees are best planted about the 


lime their leaves fall. Their roots can grow 
surprisingly well in mild winter weather, 
giving them a better chance to become estab 
lished than if they were planted in the spring. 
And cold spring winds are also less likely to 
dehydrate them if they have had a winter in 
the ground in which to make roots [Key] 

In the same regions, evergreens can be 
planted either in the early autumn or spring, 
but if in the spring, not until the ground has a 
temperature of not less than 5°C (41°F) and 
the danger of cold, drying winds is over 
Broadleaved evergreens can have some of 
their leaves cut off to reduce water loss 
through transpiration. 

Trees in pots or containers are, in theory, 
safe to plant at any time, Obviously the best 
planting season for them is the same as for 
any other trees. If they are planted in mid- 
summer, they must be watered well and 
often. A tree that appears to be flourishing 
well may have been in its container too long 
so that the soil is filled with a dense tangle of 
roots. To ensure a good start, the soil should 
be shaken off and the roots untangled and 
spread carefully in the hole when planting, 


The most important 
thing for a newly 
planted tree is secu- 
rity from having its 
roots disturbed. 
Semi-standard and 
larger troes must be 
tied firmly to a stake 
for the first two years 
after planting. A 
practical form of 

tie is a plastic 


passing through a 
band that keeps the 
tree and stake apart 
[inset]. Damage by 
animais can be 
prevented by means 
of a special plastic 
sleeve or wire guard 
which covers at least 
the bottom 60cm 
(2ft) of the trunk 

In areas with hot sum- 
mers, th 
young 
scorched after they 
have been planted 
out. Paper-wrapping 
is one method of 
shielding the 

trunk from the sun, 


\\ 
(PTO 


AN 


KEY 


trailer. Seeds In bulk 
and cuttings awai! 
ing handling are kept 
in a cool 3'C (37°F) 
store [5] or a cold 
frame. Cuttings can 
be kept in good con- 
dition for months. 
Some have survived 
being carried 
across the world, 
their stems stuck 
ina potato. Tunnel 
houses [6] of poly: 


g 
for the protection 
and nurturing of 
young plants just 
struck from cuttings 
for a “weaning” por- 
iod. Modern potting 
is carried out by 
machine in the pot. 
ting shed [7]. Rooted 
plants from the mist 
house or frames are 
potted up in their 
hundreds, once 


human hands. Con. 
tainer-grown treas 
are stored in contain- 
er beds full of damp 


dy for sale at any 
time. A tractor with 
spray bar [9] sprays 
lines of seedlings 
with Insecticides or 
selective weed-killer. 
Another tractor [10] 


trees with a blade 
to prevent formation 
of tap roots, Some 
beds have perman 
ent irrigation pipes 


and int 


back of the bed have 
mist pipes for strik- 
ing cuttings in sum. 
mer. An area is perm- 
anently planted with 
stock trees |12] from 


ings adjoin a locked 
store where chemi- 
re kept [13]. 
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Trees: problems of climate and disease 


Trees include the largest and oldest living 
things in the world and in this sense represent 
the culmination of plant life on earth. Most of 
them are so huge, dignified and apparently 
everlasting that they are often taken for 
granted as more or less permanent features of 
the landscape. Yet despite their beneficent 
role as of helping to provide oxygen in the air 
that he breathes and making life tolerable for 
him on this planet, trees are menaced today 
by man as never before, They face their other 
problems ~ pests, fire, diseases and the vag. 
aries of climates - with greater equanimity 


The effects of climate 

Climate is one of the most crucial factors in 
deciding what trees grow where and its 
broadest movements in geological time have 
governed the evolution of tree species. Rela 

tively recent climate changes have settled the 
Present natural distribution of most of these 
species round the globe. The trees, in their 
turn, have enabled modern science to estab- 
lish prehistoric patterns of climate - even to 
plotting the prevailing winds, which helped to 
distribute their seeds. 


1 Cause and effect 
of frost : where 
clouds or a tree 
canopy insulate the 
layer of warm air at 


D 


ground level from 
the open sky 

heat cannot escape, 
so frost is unlikely [A], 
Ona night without 


28 


ao'n 
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The ancestors of all our trees were trop- 
ical plants. In the tropics the seasonal 
temperature changes are usually small; what 
alters most from one time of the year to 
another is rainfall. Most tropical plants are 
evergreen and can grow either continuously 
or intermittently whenever there is enough 
moisture. Exceptional regions within the 
tropics are the montane zones ~ the equato- 
rial Andes, for example, or Mounts Kenya 
and Kilimanjaro in Africa, where tempera- 
tures decline with altitude and the high slopes 
and “meadows” are characterized by weirdly 
shaped, low-growing alpine plants. 

Temperate-zone trees are precisely 
adapted to the changing seasons. They are 
called “hardy” because they are able to with- 
stand long spells of freezing temperatures 
and fluctuating conditions 


Ecological niches 

Trees evolve in such a way as to be best 
adapted to the local environment. This effect 
can be seen among trees growing on a moun- 
tain range that lies in a north-south direction 
In the western ranges of the United States 


7 
clouds [B] heat is 
froe to escape and 
the soil temperature 


falls below that of 
the air. IC] The soil 


takes heat from the 
air near the ground 
and as a result 

produces radiation 
frost. [D] Cold air, 


Cascades 


and Canada [2], the tapering pattern of each 
tree’s range from south to north tells the 
story. In the Sierras a species may find its 
ecological niche at high altitudes, In the Cas- 
cades (and farther north still, in the Coast 
Range) similar basic climatic conditions, the 
length of time that the snow lies, the number 
of days during which the temperature rises 
above 4.4°C (40°F), in which it can grow and 
ripen new wood, force the tree right down to 
sea-level 

Once a tree is moved (or its seed is 
planted) out of its accustomed zone, it is in 
potential danger. A larch from Siberia, if 
moved to a milder climate, might be expected 
to luxuriate in the longer growing season 
while still being totally hardy; whereas what 
happens in practice is that it is lured out of its 
safe dormancy too early in the spring by 
higher temperatures than it expects. As a 
result, it starts growth, only to be cut back 
eventually by late spring frosts, This happens 
repeatedly, and it may die 

The converse happens when a southern 
tree moves north. It may be relatively safe in 
the spring, for bud-break will be delayed, but 


2 The mountains of 
the west of North 
America [A] reach 
from British Colum: 
bla's coast range in 
the north, through the 
Cascades of Wash 
\gton and Oregon to 
the Sierras of Cali- 
fornia. The foreshort. 


which gathers in a 
thin layer at ground 
level, flows downhill 
collecting in hollows 
and valleys, which 
thus become frost 
“pockets”. The 
height to which the 
hollows fill with 

frost is marked by 
the dead lower bran: 
ches of trees. The 
house and garden |E) 
are protected from 
frost because it is 
stopped from flowing 
downhill by the trees, 


1B] plots the altitudes 
at which the same tree 
occur. In 
tern 
white pine grows at 
2,743m (9,000f); in 
the north it has come 
down to 762m, 
(2,500ft) to find the 
me growing condi: 
tions. These condi 


C E 
E E crono tr 
We'sck cononwoos BiB Mounton hemiock 


50°N Coast Range 
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tions are, in the main, 
a question of the 
length of the 
growing season, 

at temperatures of 
above some 4.4°C 
(40°F), There are 
exceptions to the 
rule. These are 
brought about by 
purely local rather 
than general condi 
tions ~ chiefly where 
competition from 
other species is in- 
creased. The species 
described in the 
diagram are mainly 
conifers — the firs 
and pines of 
temperate moun- 
tain environments. 


WB suos pine 


Bier noes 


if growth continues late in the northern 
summer, its new wood may be still soft and 
immature when the autumn frosts strike 
More surprising is the difficulty trees 
experience in moving from the west coast to 
the east of North America - or from the 
Orient to Europe. Western conifers are as 
unhappy in New England as oaks from Ohio 
are in Britain or France. On the other hand, 
spruce trees native to subarctic conditions in 
Canada and Norway are widely used for 
reafforestation in western Europe 


‘Chances of survival 
The most extreme example of upset is that of 
a cold climate tree that is moved to the sub- 
tropics, What happens here is that its buds 
may fail to open at all. Built into its schedule 
is the need for a cold spell (winter) to break 
its dormancy. If there is perpetual warmth, it 
is stuck: in all probability it will die 

In forestry the question of provenance (ie 
exactly where the seed comes from) is clearly 
of the greatest importance. The forester's 
object is to extend the growth period of his 
trees as far as he can without putting them in 


3 


danger of frost damage. He has little room for 
manoeuvre, but if he can add even a week to 
the growing season by getting his seed from 
160km (100 miles) farther south without the 
trees suffering, he may add a whole year's 
growth in 20 years, 

Many temperate zone trees can stand 
being frozen solid while they are dormant 
What is more harmful, and can sometimes 
kill, is winter drought. When the ground is 
frozen, and no water is available to the roots, 
high winds and, often, low humidity continue 
to evaporate water from the branches. As a 
result, the tree begins to dry out. On ever- 
greens it shows in the browning of the leaves 
by the end of even a normal winter 

If the climate ~ the weather and its vag- 
aries — provides the principal influence on a 
tree, a more immediate effect upon its exis- 
tence may be posed by some microscopic 
vector of death ~ an insect or bacterium 
forming part of a population to which a tree is 
home and food, Most of these tiny creatures 
do no harm at all; others, such as the elm bark 
beetle, distribute a fungus that kills off 
centuries-old trees over wide areas. 


Fir trees completely 
shrouded by snow 
resembie an army 

of spectres high in 
the mountains of 
Hokkaido, northern- 
most of Japan's 

large islands. Snow, 
which protects tiny 
plants fromthe 
more severe effects 
of cold, dry winds, 
provides vital pro- 
tection to evergreens 
in the Intense cold 
and the dry suns 


of the mountains, 
A prevailing wind 
sinan 


by stunting or by 

preventing the 

growth on the wind- 
New 


old ones and the 
tree takes on a 
characteristic 

shape, with its 
branches and foliage 
trailing to leeward, 


3 Trees canbe 
attacked by numerous 
organisms. Fungal 
and bacterial pests in- 
clude anthracnose on 
plane [1]; rust fungus 
‘on lime [2); mildew 
[3]; chestnut blight 
{4}; honey fungus on 
pine [5]; fireblight 


include mite 
the red spider mite 
[10] and insects such 
as the tent caterpillar 
111]; the larvae of the 
willow sawfly [12] and 
sawfly [13] and their 
adults [14 and 15]; 
oystersholl scale 
insects on elm [16]; 


va [19]; pineapple 
on spruce [20] 
and purse gall on 
poplar [21], both 
caused by aphids [22]; 
the pine weevil [23]; 
and the elm bark 
beetles ~ the Amer- 
ican genus [24] that 
burrows into wood 
125] and bark [26], and 
the European |27) 
that also damages 
wood [28] and bark 
129], infecting them 
with a killer fungus. 
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Farm stock breeding and management 


Until mechanical power replaced the ox and 
the horse, animal husbandry was a part of 
every farm’s working life. Farms entirely 
without livestock are still a minority, In the 
United Kingdom, for instance, farm revenue 
from livestock is normally more than twice 
that from all crops. About three-fifths of this 
comes from cattle and sheep and the 
remaining two-fifths from pigs and poultry. 


Improving the stock 
Breeding and management have a combined 
aim — the most economic production of meat, 
milk, wool or eggs, in environments ranging 
from entirely natural to wholly man-made 
Thus, domesticated species have been 
spread, partly by selection of types best 
suited to conditions (for example, hill cattle 
and sheep breeds) and partly by changing the 
environment ~ for example, providing shelter 
and an improved diet, The more such 
changes are made, the more breeding aims 
have to be changed to suit the new conditions 
that are brought into being. 

Cattle (synonymous with wealth in some 
languages) are managed in both ways. They 


may live entirely by grazing or be completely 
confined and even have fresh grass brought 
to them from the field. The beef cow has to 
produce and rear a calf a year, while the dairy 
animal has to provide a profit from her milk. 
The whole routine of the farm revolves round 
the milking [5], which takes place twice a day. 
For winter production the cow must be mated 
to calve in autumn instead of, as normally, in 
spring. Her feed is rationed to her yield of 
milk and the calf is reared away from her. 

Sheep, in all but the most extreme condi- 
tions (for example, in Icelandic winters), are 
seldom housed and live by grazing - some- 
times on crops specially sown for them. 
Flocks grazing on hill and mountain in 
summer may be moved to lower ground for 
the winter and lambing in the spring. 
Lambing and shearing remain the shepherd's 
biggest tasks in the year. 

Except in the tropics, the pig - once a for- 
ager in woods and wastelands and housed 
only for fattening ~ has moved under cover. 
The new-born pig thrives only in warmth 
The main cost of rearing thereafter is food; a 
pig that is cold burns food to keep warm 


later 


1 Now 
1 cow e 
con) 

2 
1 sheep. 40) 
iat 

1 bi 

L chicken 2,672.47 
chicken 


1 Rapid change in a 
livestock population 


lines for crossing and 
recrossing to provide 
commercial stock. Up- 
grading of cattle is 
cilitated by using 
superior sires in suc- 
cessive generations 
and selecting pro: 
geny on performance. 


large. This accounts 
for the big improve- 
ment in pig and poul- 
try performance over 
recent years, by the 
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development of in-bred 2 New sheep breeds 


unsuitable for meat. 
may be produced by Crossing involve 
introducing desired three different Bri- 


tish breeds. The 
Colbred, used for fat 
lamb production, re- 
tained some of the 
‘extra prolificacy. 
Many breeds are 


from foreign 
sis of 
sheep 
was the Friesland, a 
Dutch milk breed 

with a high rate of 
reproduction but 


instead of using it to put on weight, Modern 
pig systems are designed to speed up growth 
by regulating temperature and restricting 
movement. Much the same considerations 
apply to modern poultry farming, 


Genetic resources of livestock 

Breeding for improved production is easiest 
with species that mature early and produce 
many young in a year [1]. However, an out- 
standing male animal, whose attributes are 
inherited by his descendants, can have a vast 
effect within a few generations. This process 
has been greatly accelerated by the wide 
adoption of artificial insemination [3], espe- 
cially in cattle. The semen of an outstanding 
sire can be stored in deep freeze and used for 
matings after he is dead or in countries on the 
other side of the world, to which the transfer 
of live animals would be too expensive or be a 
disease risk, 

Ancestors of more than one type have 
usually contributed to the make-up of 
existing breeds. The new type has then been 
fixed by a period of close inbreeding. This 
cannot be carried too far without a consider- 


ab Friesland & 
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3 Artificial insemina- 
tion, dating from the 
late 1930s, is now 


‘Semen, collected from 
the bull on a dummy 


diluted [C] and put into 


which are corked and 
prepared for storage 
[E]. The straws are 
then cooled for seven 
hours at 4’C (39°F) 

[F] and stored in deep- 
freeze units [G]. When 
needed, the semen is 
thawed and introduced 
into a cow's uterus 
through a pipette [H]. 


able risk of diminished vigour and inherited 
defects. Crossbreed 


ng to overcome this is a 
particularly 

where the hardy 
a less hardy but 


regular commercial practice 
with sheep and beef cattle. 
hill breed is mated to 
quicker-growing breed 
Improvement 


of performance within 
breeds has come to depend increasingly on 
detailed records: yields of milk and eggs, and 
speed of growth and feed economy in meat 
animals. This entails elaborate testing proce: 
dures and statistical analysis of records, The 
computer has become a necessary tool of the 
larger breeding organizations which sell 
stock or semen to commercial farms 

The greater the emphasis on economic 
performance, the more the stock farmer has 
to rely on specialist advice and the results of 
research. Animal nutrition 
become a large study in itself, as has the 
design of housing and equipment. 


scientific has 


Veterinary care 
Above all, increasingly dense populations of 
animals have to be kept healthy. Conse 
quently, the role of the veterinary profession 


4 "Transhumance", 
the mass movement of 
sheep and cattle from 
summer mountain pas- 
ture to winter quar 
ters and back again in 
spring, is widely 
practised. Flocks and 
herds move up the 
slopes as the season 
advances, always 
feeding on fresh 
grass. This is the 
reason for the high 
reputation of hill 
lamb from southern 
France, Norway and 
Wales, Rich mountain 
sheop's milk is also 
the basis of many fam 
ous, special cheeses, 
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7 Vaccination against 7 
infections, which can 
spread fast among a 
herd kept in bulldings 
under intensive sys- 
tems, is now a matter 
of routine and here 
young pigs are being 
treated by injection, 
For pigs and poul 

try oral vaccines, 
which can be mixed 
in rations or drink 

ing water, have also 
been devaloped. The 
period of protection 
is sometimes limited 
and they may need to 
be highly specific 
against particular 
strains of the organ- 
ism that is liable to 
cause the disense 


s now Very important and the veterinarian 
must be an expert in preventive medicine [7] 
as well as the diagnosis and treatment of clin 
ical disease when it appears. The history of 
stock farming in Europe is punctuated by 
recurrent attacks of plagues and “murrains 
(infectious diseases in animals) that are now 
controlled by closing frontiers, strict quaran: 
tine and in some diseases slaughtering of the 
affected animals and their contacts [8] 
Vaccination is still considered the most 
effective method of disease prevention in 
countries where infection is rare and frontiers 
easily closed, Elsewhere. 
reduced the risk, although for success the 
strain of the infection must be effectively 
typed. Vaccination has, for instance, greatly 
reduced the impact of foot-and-mouth dis- 
ease in Europe. Other dis 
bovine bruc 
fever, which once caused serious stock losses 


vaccination has 


including 


tuberculosis 


and even human illness, are now wholly or 
partly wiped out in most advanced countries 
But there are always new risks and a close 
watch has to be kept on those areas where 


husbandry is primitive and disease endemic 


5 Cows move on a 
roundabout in a lab 
our-saving milking 
parlour, The mitker 
need not move to fix 
or remove the unit on 
the teats of each cow. 
The rotary parlour's 
speed is set at the av 
erage milking time of 
the herd and slow 
milkers may be sent 
round again. Yields 
are automatically 
‘measured and the milk 
is pipedtothe 

dairy. The milker can 
adjust the quantity of 
feed given to each 
cow whil 


8 Foot-and-mouth 8 
disease in Britain and 
North America is still 
dealt with by the 
slaughter of all possible 
contacts. The car 
cassos have to be 
burned or buried to 

avoid further infection. 
Where the disease 

is more frequent, 
susceptible stock are 
vaccinated. The dis: 

ease is seldom 
adult animals but its 
effects on production 
can be catastrophic 
Endemic in some 
parts of the world, 
there are several 
Virus strains against 
which vaccines 


must be prepared 


A championship at 
one of the big shows 
is the culmination 


6 Internal and ex- 
val parasites are 
use of unthrifti 

nd discomfort in 


ness 
farm animals and may 


carry more 
consequences. To con: 
trol them sheep are 
given routine doses of 
a drench [Al against 


of many breeders’ 
dreams. Prize 


winning animals, such 


those that infest the 
digestive tracts and 
the lungs. A number 
of skin parasites, 
which thrive in the 
shelter of the fleece, 
have to be dealt with 
by dipping completely 
ina disinfectant bath 
[B]. This must cover 


as this Friesian cow 


(854), are greatly 
valued for breeding 


all the animal 
including its head 
The bath is now often 
replaced by a race, 
through which the 
sheep are driven be 
tween a series of 

jets that thorough- 

ly soak the fleece. 
This is much quicker 


Cattle for beef and milk 


Cattle, first domesticated by man in Neolithic 
times, can be selected to serve a wide range of 
needs and to adapt to many environments. In 
early settled agriculture the same beasts 
served as power units for cultivation and 
haulage, as milkers and, finally, as a source of 
meat, The first use has almost disappeared in 
developed countries and the aim of modern 
breeders is toimprove the yield and composi 
tion of milk, and to increase the speed and 
economy of weight gain for beef 


Ancient lineage and modern stock 

Improvement of cattle on a regional basis has 
a long history, especially in areas where feed 
was abundant. From the sixteenth century 
onwards the big cattle of the Low Countries 
had an important influence on breeding in 
many parts of Europe. But detailed records 
of pedigrees were not available until towards 
the end of the eighteenth century. Then a 
growing demand from the urban population 
for meat stimulated such pioneer British 
improvers as Robert Bakewell (1725-95) 
who bred Longhorns in Leicestershire and 
Robert Colling (1749-1820) who, with his 


1 Cattle vary widely 
in size as woll as in 
conformation and 
colour. A mature 
Charolais bull may 
weigh 1.5 tonnes, 
jersey no more 
than 375kg (825i), 
Mature Friesian cows 
weigh up to 600kg 
(1,3201b) and may 
give ten times their 
bodyweight in milk 
annually. The Ayr 
shire, also a 
high Vielder, weighs 
about 500kg (1,1001b) 
when mature and 
the Dairy Short 
horn about 550kg 
(1,2101b). The 
Aberdeen Angus 
is naturally polled 
(hornless). It is now 
general practice 
in commercial herds 
of other breeds to 
remove the horns by 
destroying the horn 
buds of young calvos. 
The Hereford is 
a common beef breed 
in temperate regions. 
The hump of the 
Brahman, a 
characteristic of 
tropical breeds. 
enables it to store 
fat against drought 
and famine. The West 
Highland is bred 
to live and thrive in 
an upland habitat. 


brother Charles (1750-1836), bred what 
were the first modern Shorthorns at their 
farm in Yorkshire. They opened the way for 
the establishment, over the next 100 years, of 
breed societies and herdbooks covering all 
the major breeds. The result was that out 
standing animals could be more easily iden 
tified and the influence of these beasts 
extended by a wider use of their descendants, 
particularly in the male line. 

This process has been greatly accelerated 
by the general adoption, in the post-war 
years, of artificial insemination. As a result of 
this process an outstanding sire may be the 
parent of several thousand offspring. Using 
frozen semen “matings” are possible in any 
part of the world, even after a bull is dead 
His genetic influence on such factors as milk 
and butterfat yield in his daughters can be 
precisely measured by comparing their 
performances with those of cows in the same 
herds sired by other bulls. Expert inspection 
of these cattle will also indicate the bull's 
influence on body conformation. Measuring 
the genetic contribution of a bull used for 
siring beef cattle is rather more difficult but 


av 
y 
ea 
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2 African cattle 


such as the long. 
horned Ankole are 
the mainstay of many 
pastoral tribes out- 
side tsetse fly in: 
fested areas. Pro: 
gressive eradication 
of this pest has 
widened their range. 


3 Mountain meadows 
provide rich summer 
pasturage in the 
Swiss Alps up to the 
snowline. The cattle 
re brought up from 
the valleys where they 
spend the winter 
under cover, The main 
breeds are the Simmen: 
tal and the Brown 
Swiss (illustrated) 


progeny records of growth rate and feed 
consumption give useful information 

A good beef animal must not only grow 
quickly and economically but must also carry 
the main weight of lean muscle in those parts 
of the carcass preferred by consumers - the 
hindquarters and back, Heavy bone is 
wasteful to the butcher and fat, although 
some is needed for flavour and tenderness, is 
now little in demand, The characteristics of 
the three most prominent beef cattle types 
are quite different; the ubiquitous Hereford 
is docile and able to thrive under fairly rough 
conditions; the Aberdeen Angus is a smaller 
animal but regarded by many as the producer 
of the best beef, while the French Charolais 
has great size, speed of growth and broad, 
heavily muscled hindquarters 


Dairy and dual-purpose animals 

The pure dairy cow presents a strong contrast 
to cattle bred purely for beef. As much of her 
food as possible must be converted into milk 
not muscle, She needs a large digestive 
system and a well-shaped and capacic 
udder. Two specialist breeds of this kind are 
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Brahman 


the Ayrshire from Scotland and the Jersey 
from the Channel Islands; the latter is the 
smallest of all widespread modern breeds, 
giving milk containing one and a half times 
the average content of butterfat. 

Much of the world’s meat and milk supply 
comes from cattle that can be regarded as 
dual purpose. Of these the most numerous 
are the black and white Friesian or Holstein 
cattle, that originated in The Netherlands but 
which now show local variations of type. The 
Friesian is a large animal that produces heavy 
yields of milk whose composition has been 
greatly improved since the advent of artificial 
insemination. It has displaced the onc 
dominant Shorthorn, 

In a beef-breeding herd the sole revenue 
is from the calves. In a pure dairy herd most 
of the male calves have little value for 
rearing, To overcome this, in many commer- 
cial herds only the very best cows are mated 
with a dairy bull ~ to provide replacement 
heifers ~ while the remainder are mated to a 
beef bull to provide crossbred calves suitable 
for beef production. In order to make these 
crossbreeds easily identifiable, breeders use a 


4 Autumn calving 
necessary in areas 
where fresh milk is 

in demand 

all year, An average 
European cow, giving 
‘about 2,700 litres 
(815 gallons) over 10 
months, will have a 
lactation curve that 
rises to a peak about 
six weeks after calv- 
ing, falls gradually 
during the winter 
and rises again 
when she goes out to 
grass in the spring. 
Although milk is usu- 
ally about 87 per cent 
water, its fat and 
sugar content are an 
important source of 
energy in the diet 


igest 
cium and other min- 
orals are left 
Selective breeding of 
milk cattle aims at 
increasing the total 
yield of milk solids. 


Cooma 


6 In the preparation 
of dried milk, milk 

is first stearn-heated 
and then passed from 


Heater 


tor where 
is driven off 
by heating with steam. 
The condensed milk is 
then treated with hot 


Filter 


= min 
me Steam 
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Agglomerator 


bull that will pass to the progeny some 
distinguishing features of the breed, such as 
the white face of the Hereford or the creamy 
coat of the Charolais. 


Specialized breeds 

There is still a great demand for breeds of 
cattle that are adapted to particular environ- 
mental niches. Examples include the some- 
what slow-growing but extremely hardy 
Highland cattle of Scotland, which can sur- 
vive the northern winter in the open, and a 
wide range of European hill breeds. In Africa 
cattle must be capable of surviving long 
periods of drought and also be resistant to 
local conditions that European breeds cannot 
tolerate. In tropical and subtropical areas 
much use is being made of the humped 
Brahman type of India and South-East Asia, 
This has been widely used in breeding pro- 
grammes for the hotter areas of Australia and 
the Americas, most notably in the develop- 
ment of the Santa Gertrudis of Texas, Some 
work has also started on the improvement of 
the wild American bison, or buffalo, and has 
resulted in the “beefalo” crossbred, 


Water 
871% 


50 tires i) 


airinaprecipitator 7 Waight intg 15 
where it turns to pow- 30 
der and is collected by 
centrifuge. The pow- 
der is treated with 
steam in an agglor 
ator to turn it to gran: 
ules which are dried, 
collected, graded by 
filters and packed. 


Livestock foed, Sausages 


7 Slaughter products 
include many items 
besides meat 


about 500kg (1.1001b) 
live weight produce 
about 210kg (46015) 
of lean beef. The 
internal organs, 
weighing in all about 
130kg (2851b), include 
edible offal such as 


19% O7%34% 


Loan 


KEY 


(1753-1828) 
depicted this Holst 


ugarAsh Protein Fat 


59% 


internal organs 


ta Pharmaceutical products 


sings 


Blood and meat meal 
Fertilizers 
Edible attal, including 
hoart, fv 


tongue 


heart, liver, tongue, 


ned for sausage 
casings and the con, 
tents used to mal 
fertilizer. Internal 

glands are collected 
and used as raw mat, 


Fat, accounting for 


Average weight 500kg 


in about 1800. This 
breed was already 
noted for its yield 

and has been bred 


for milk for about 
2,000 years. It 
originated in The 
Netherlands, 
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5 in machine milking presses [A] and the 
the cow is condition- releases |B] each 
‘ed to let down milk teat in turn. The 


as if she were feeding 
her own calf. A 

partial vacuum holds 
the rubber 


miik flow can be 
directed into a sep 


installations, piped 
direct to a cooling 
tank in the dairy. 


ing pressure of air 
through the valve 


Blood mes! 
Fernhzers 

‘Leather for shoes, = 

clothes, upholstery 

bookbindings 

footballs, nadlos 

harnesses 


Glue 
Fortlizer 
Bone meal 
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fortilizer. Skin 

goes to make leather 
and blood is col. 
lected for animal 
feed and fertilize 

The economic and 
efficient collec- 

tion of these by- 

ains the 


perhaps 70kg (1551b) 
in all, may be parth 
sold with lean mı 
joints, but much is 
processed ~ often for 
margarine. Bone — 
about 50kg (110b) — 
is boiled to extract 

ial for 

ie residue 
ground for mixing in 
animal feed, or as 


factory abattoirs. 
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Dairy produce and cheese 


Man began supplementing his diet with the 
milk of animals before he was even capable of 
recording the fact. References to milk and 
dairy products in both the Bible and the 
Hindu Vedas indicate that they were tradi 
tional foods long before the birth of Christ 
Today, although milk is consumed as a nut- 
ritious drink, more than two-thirds of world 
milk yields are converted into other products, 
principally butter, cheese, yogurt, ice-cream, 
dried and condensed milks. Man is, however, 
not the only consumer of dairy products; milk 
can also be used as animal feed, It can even be 
converted into plastics. Before the recent 
intensive development of petrochemical 
plastics, casein (the principal protein in milk) 
was used as the raw material in the manufac- 
ture of a wide range of thermoplastic pro- 
ducts, from buttons to billiard balls. 


Milk and milk treatment methods 

Dairy animals vary from culture to culture 
he United States, Europe, New Zealand 

and Australia, the major dairy producers, use 

cows’ milk for their dairy products. In Asia, 

both cow and buffalo milk 


are used and 
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Protein 36%. 


Butter Water 16-0: 
Protein 0.7% 
Lactose 0.6% 
Fat 80.0% Ash 28%, 
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Fat 4.0%, 
Lactose 50%, 
Water 87.0% Ash 05% 
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1 Milk and milk 
products have the 
same basic constit 
uents ~ water, protein 
fat, lactose (milk 


sugar) and minerals 
(ash) ~ but their 
percentages vary 
considerably according 
to the finished product 


2 Butter moulds 
were very popular 
inthe nineteenth 
century and are still 
used in exclusive 
restaurants. Their 
function was to 
turn a foodstuff 
into an attractive 
table decoration. 
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3 Ice-cream, once 

a luxury food, was 
popularized by Ita: 
lian vendors who 
took their barrows 
and recipes all over 
Europe and America, 


around the Mediterranean sheep and goats 
milk is the basis of local dairy products. Rein- 
deer, yaks and camels are further 
sources of milk for human consumption 

Apart from its by-products, milk itself 
now comes in a variety of forms, Consump 
tion of raw milk, which goes sour quickly and 
is easily contaminated, is and 
common in urban communities and 
pasteurization, in which milk is heated to kill 
all disease-carrying organisms and most of 
those that cause souring, is now a widespread 
practice. Milk may also be homogenized, a 
process by which the fat is distributed evenly 
and does not rise to form a layer of cream. 

A large industry concerned with pre 
serving milk has developed. Drying is the 
commonest method of preservation; for this 
full cream or skimmed milk, with a minimal 
fat content [1], may be (The 
removed in skimming are used to make 
cream or butter.) Condensed and evaporated 
milks are those in which the water content 
has been reduced. Condensed milk is often 
sweetened to improve its taste. 

Cream is the fatty part of milk. which can 


mares, 


less 


used. fats 


Fa 1.7% —__ 
Protein 36% — 
Lactose 52% 

Water B90% Ash 0.6% 


Yogurt lco cream 


Fat 107%, 
Protein 46% — 
Sugar 14.7%, Lactose 6-5% 
Water 63:0%] Ash 08% 


be separated with a centrifuge. Some cream is 
retained for sale or used in the preparation of 
cream cheese, butter and proprietary 
desserts. The skimmed milk is either dried or 
sold as animal feed 


Butter, buttermilk and yogurt 

Butter is the major dairy product, using 
about a third of all milk yields. It was prob- 
ably the earliest milk product to be made and 
is manufactured from full cream which is agi- 
tated until the fat globules and solids clump 
together. Although it has little protein, its 
high fat content [1] makes it an excellent 
energy food. 

Buttermilk is the liquid residue from 
butter-making. Its slightly sour taste makes it 
a popular and refreshing drink, Yogurt, origi- 
nally a Middle Eastern food, is a semi-solid 
fermented milk food, characterized by 
smooth texture and slightly sour taste 
Traditionally made from goats’ milk by a pro- 
cess of fermentation (a small amount of 
yogurt from a previous batch is used to 
'start™ a new ferment), yogurt is now usually 
made from cows’ milk and dried milk solids 
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Fat 32.2%, 
Protain 25.0% 
Lactose 21% 
Wator 37:0% Ash 37% 


4 Dried milk is one 
‘major contribution 
that the world's. 
richer nations, who 
are often large 
dairy producers, can 
make to the Third 
World. Despite in- 
tensive use of milk, 
in America, Europe, 


Dried milk 
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Protein 36.0% 


Lactose 520% 


Australia and New 
Zealand, surplusos 
often arise. Dried 
milk is easily stored 
and transported and, 
when reconstituted, 
can provide a signi: 
ficant proportion of 
protein and nutri- 
tional requirements. 


and fermented with cultured bacteria. 
Yogurt's lactic acid content can make it a 


valuable aid to digestion. 


The cheese-making process 

Cheese is made from ripened milk curds and 
if made from full cream milk will contain 
most of the food properties of the milk 
Although there only three 
categories of cheese (soft, hard pressed and 
blue), variations in the process of making it 
produce over 2,000 different kinds. The main 
variables are the type of milk used and the 
conditions under which the source animal 


are really 


was fed, In addition, the methods of maturing 
the cheese greatly affect it [5] 

Despite these 
method of cheese-making is the same 
everywhere, A curdling agent is added to the 
milk to precipitate the solids. (The solidified 
fat and other water insolubl 
the 


ariations, the basic 


casein, 


con: 


stituents called curds, and the 
remaining liquid is known as whey.) The 
curds are broken or cut to release most of the 
whey and left to drain, They are then broken 


up, salted and put into moulds. Finally the 


are 


awe 


a 
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7 Many cheeses are 
instantly recogniz 
able by their dis- 
tinctive appearance 


Some of the more 
famous chooses are 
illustrated here 


7 


cheese is ripened. This is one of the most 
important stages in cheese-making, for the 
conditions and length of time under which a 
The action of 
bacteria at this stage will create the cheese’s 
both taste and 


cheese is matured are critical 
unique characteristics of 
appearance. 

Cream cheese differs slightly in that it is 
rarely ripened. A “home-made 
cheese is made by allowing milk to sour 
naturally 
taining rennin) and hanging the curds up in 
muslin to drain. The cheese can be eaten 24 
hours later. Processed cheese is a factory- 


cream 


adding rennet (a solution con 


made product in which the cheese is sterilized 
rather than matured, When tinned or vacuum 
packed it can be stored indefinitely 

Until the advent of refrigeration, ice 
cream, favourite dish in the courts of 
ath-century Europe. graced only the 
tables of the rich, Nowadays it is a popular 
food [3] for all classes. Although the trend in 
recent years has been to replace dairy pro 
ducts with vegetable oils in the manufac 
turing process, traditionally made dairy ice 


cream is still preferred in most countries, 
6 Factory-produced 
cheeses are easily 
a stored and marketed. 
x They are made in 
à large moulds, thon 
cut up and vacuum 
packed. Hygienic 
conditions tend to 
produce rather 
tasteless cheesos 


seventes 


5 Health laws have 
altered the character 
of many cheeses; 
the best ones are 
still made by tradi 
tional methods. 
Here, Roquefort is 
matured in caves to 
induce the “blueing 
caused by bacteria, 


Unhygienic dairies 
ly nineteenth 


resemblance to the 
sanitary units now 
achieved in developed 


nations as a result of 


improved ti 
and health 


1 Provolone 
2 Parmesan 
3 Samsoa 

5 Goud 


Mimolot 
Blue Ch 
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10 Cheddar (Canadian) 

11 Gloucester 

12 Cheddar (English) 

13 White Wensleydale 

14 Ricotta 

15 Bleu do Bresso 
Dunlop 

Mozzarella 

Jaalsborg 

Danish Blue 


Fontina (hallan) 
Gruyère 

Monterey Jack 
Tome au Raisin 
Lancashire 
Caerphilly 
Edolpiizkaso 
Limburger 

St Nectaire 

Now England Sage 
Red Windsor 

B 
Port Si 
Gorgonzola 
37 Vacherin 
38 Epoisses 
39 Emmenthal 


42 Pont 'Evéque 
43 Livarot 

44 Quargel 

45 Roquofort 
48 Banon 

47 St Marcellin 
48 Camembert 
49 Munster 
50 Brie 

51 Bel Paese 
52 Maroil 
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Pigs and sheep 


Throughout the world pigs and sheep exist as 
both wild and domesticated animals. Wild 
pigs are largely found in damp, open wood- 
lands in the Old World from northern 
Europe to South-East Asia. Wild sheep live 
in mountainous regions of Asia, North 
America and the Mediterranean but the 
many different breeds of domesticated sheep 
thrive at all latitudes and in nearly all habitats 
from hot lowland desert to the high altitudes 
beyond the mountain snowlines. 


Pig breeding 
The pig is one of nature's most efficient and 
omnivorous scavengers. The first records of 
the domestication of the pig - one of man’s 
most efficient providers of meat ~ date back 
to about 3000 BC in China. The wild boar 
was probably first domesticated in Europe in 
about 2900 BC 
More recently pig breeders have concen- 

trated on producing animals with the ability 
to convert feed into lean meat rather than 
unwanted fat and on rearing females capable 
of giving birth to larger litters. Today's 
improved” females are ready to breed when 
1 Pure-bred pigs 1A 
vary widely in the 
quality of meat that 
they produce. The 
Large White [A 
known as the York: 
shire in countries 
where it has been ex 
ported, is the predom 

inant pure breed in 
Britain, The squat 
Berkshire [B] is 
too fat for modern 8 
tastes and is no longer 
used commercially 
Black and White 
Saddiebacks [C] are 
popular free-range 
stocks in England 
but are mainly used 
for crossbreeding, 
as the pure breeds 
are too fat for modern 
markets. The sandy. 
coloured Tamworth 
DÌ. originally a 
forest pig, is now a 
minor breed in Brit 
ain. Different types 
of Landrace pigs [E] 
are found throughout 
Europe. The most h 
famous is the Danish 
type, bred specifically 0 
for lean bacon 
Poland, China [F] 
and Chester White 

GI] pigs are popular 
breeds in the USA 
along with the long 
red Duroc [H] but 
are uncommon in 
other countries. 
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they are seven or eight months old and will 
produce litters of more than ten piglets within 
16 weeks of conception. If properly fed, man- 
aged and housed a healthy sow will produce 
more than 20 piglets a year. 

Before being slaughtered piglets are fed 
to a variety of weights. These depend on the 
different market requirements ~ fresh pork 
cured bacon and hams and a wide variety of 
processed foods such as sausa; 
tinned m 
product 


, pies and 
at products [2]. For pork and bacon 
ion, the most important uses of the 
pig, most farmers and factory buyers now 
demand the white breeds of pig. Throughout 
Europe most pigs are now crossbreeds or 
planned hybrids between two or three pure 
white breeds. The most popular crossing 
breeds are Large Whites of British origin and 
the Landrace found in Europe 


Pig rearing and pork production 

It is a popular misconception that pigs are 
dirty animals. Given well-planned living 
conditions pigs will keep themselves cleaner 
than most other domestic animals. But if they 
are crowded together in pensthat do not pro 


3 Pigs have playedan 4 
important part in 
human culture, from 
the “unclean” animal 
of Islamic and Jewish 
culture to being the 
most common meat in 
China and a member 
of the family in parts of 
Melanesia. Many 
Oceanic tribes meas: 
ure wealth in terms of 
the number of pigs 
owned, like cattle- 
herding tribes else- 
where. They are most 
reluctant to eat them 
and if food is scarce a 
mother will even 
suckle a pig instead of 
her own child. 
Slaughtering is usu- 
ally a ceremonial act 


vide easily identified sleeping, eating and 
dunging areas their natural preference for 
cleanliness is upset. In hot conditions pigs 
always need water in which to cool them- 
selves because they have few and inefficient 
sweat glands. The pig uses its snout to forage 
for food and a large herd of pigs kept on free 
range will quickly turn a wet field of grass into 
a sea of mud. But good grass and forage root 
crops can provide adult breeding pigs with a 
large proportion of their diet and open air 
pig-keeping methods are still popular and 
profitable in areas where the climate is mild 
and the soil free-draining. 

Because pigs dislike extremes of heat and 
cold most farmers now keep fattening pigs in 
intensive housing conditions. Well-designed 
pig houses are equipped with mechanical 
feeders and dung disposers designed to pro: 
vide maximum comfort and encourage rapid 
growth rates on scientifically balanced 
rations [4]. In such conditions well-bred pigs 
will reach light pork weight in 120 to 150 


days, bacon weight in 160 to 180 days and 
heavy manufacturing weights at an average 
age of six months, Pigs are fast becoming big 


2 Manutacturers of 
Pig products claim 
that “nothing is 
wasted but the 
squeal, Pig meat is 
used in numerous 
ways including fresh 
pork and cured bacon 
The poorer cuts are 
Incorporated in pies 


CONNECTIONS 


See aiso 


and sausages and the 
congealed blood In 
black puddings. Pig 
bristle is used for 

a variety of brushes 
and the tough hide, 
with its charac. 
teristic grain, is con- 
verted to a variety 

of leather goods. 


4 A modern pig tarm 
ensures that its ani: 
mals are fed carefully 
balanced rations. The 
trend towards scien- 
tific pig feeding 

has been accelerated 
by rearing to meet 
the human demand 
for low-fat pork and 
bacon. In the wild, 
pigs are efficient 
scavengers and their 
natural diet consists 
of roots, fallen 

fruits and nuts. And 
although pigs are val. 
uable consumers of 
domestic “swill” and 
other waste food, to- 
day's pigs require 
diets that are more 
exactly controlled. 


business in the form of large factory-scale 
units. Some of the largest such units are to be 
Eastern European countries 
including Romania, Hungary, Bulgaria and 
Yugoslavia, where units with up to 10,000 
sows are currently in operation. 


found 


Sheep for wool and meat 

Sheep are multi-purpose animals [8] that 
were first domesticated about 7,000 years 
ago but were not bred for their fleeces until a 
thousand years later. The wealth of medieval 
England was built on sheep kept for their 
wool but today’s largest sheep producers are 
Australia and New Zealand. Spanish 
Merinos taken to Australia from 
Europe and fine Australian Merino wool is 


were 


still considered to be the best in the world. 
Pure-bred Merino flocks are still important 
in Australia but breeders have introduced 
other stock to improve meat content at the 


expense of wool quality 

In New Zealand, where there were nearly 
56 million sheep in 1974, wool takes second 
place to meat production, Crosses between 
the English Romney and Border Leicester 


5 Many sheep breeds 5 _ 
have been based 
on European breeds 
such as those illus 
trated here. Merinos 
[A], originally bred in 
Spain, are famed 
worldwide for the fine 
quality of their wool. 
Karakul sheep [B] 
are tho source of 
Persian lamb. Dutch 
Toxeis [C] produce 
heavy white fleece and 
aro much used in 
crossing programmes 
for their compact 
carcasses. Black 
face sheep [D] are 
native to Scotland 
and noted for their 
hardiness and qual 
ity mutton; their 
fleeces are used to 
make tweed and car 
pets. Welsh Mountain 
sheep [E] are lighter 
and smaller but thrive 
on their native hills. 
Borders [G] are also 
ardy. English Rom 
neys |F], crossed with 
Leicesters, helped 
found the New Zea 
land export trade, 
The Suffolk [H] 
which originated from 
crosses of Nor 
folk Horn ewes and 
Southdown rams, is 
a popular crossing 
ram for fat lamb pro- 
duction in Britain, 


breeds have helped lay the foundation for a 
thriving fat lamb export trade [7] 

The British breeds of sheep show more 
variation than in most other countries and 
there are sound geographic reasons for this. 
Hardy upland breeds, including the Scottish 
Blackface, Cheviot, Swaledale and Welsh 
Mountain, thrive on high rough grazings 
unsuited to cattle and crop production; at 
intermediate and lowland level crossbred 
sheep are preferred. A popular crossbred 
ewe is obtained by putting the small hill ewes 
to larger longwool breeds such as the Border 
Leicester. This ewe is in turn often put to a 
lowland ram like the Suffolk or Dorset Down 
to produce carly maturing fat lambs. 

Sheep have evolved in different ways in 
different countries. The Finnish Landrace 
and Russian Romanov breeds are noted for 
their ability to produce twins, triplets and 
even quins. Breeders in Europe are now 
using these sheep to increase production in 


their native stock, Texel sheep from The 
Netherlands, which produce compact car 
casses, are now being used for crossbreeding 
in Britain to boost yield and quality 


7 Fertile soils and an 
‘equable climate make 
New Zealand excel 
lent country for inten 
sive sheep husbandry 
on hills and lowlands. 
Crossbred stock pro: 
duce fat lambs — 
mainly for export 
and also wool. 


8 Sheep provide meat 
and wool plus milk 
and a wide variety of 
manufactured pro- 
ducts. Hides are used 
for coats, hats and 
gloves, for book 
bindings and bags 
Parchment, an early 
type of writing paper, 
was made of 
untanned sheep hide, 


Key 


Shoop 


Woo! 5%. 
Intostines otc 29% 
Bono 4% 

Edible forty ——— 
Edible meat 31% 


Intestines otc 18% 
Bone 9% 
Edible fat 26% 


6 High-speed mech- 
anical sheep-shearing 
methods were pion 
eered in Australia 

and New Zealand. 

On large stations with 
small staffs they 

are a necessity. 

Good facilities for 
holding large numbers 


tic breeds of 
pigs and sheep are 
constantly being 
improved by selective 
breeding to increase 
the proportion of 
usable parts of the 
carcass. Efficiency 
at converting food 
into meat is a prime 
consideration in pig- 
breeding but sow 
productivity and the 
Viability of a litter 

is also important 
There are hundreds 
of varieties of sheep. 
mostly bred for a 
particular character 
istic such as woo 

or meat, and so it is 
difficult to give a 
breakdown of the 
weight of an average 
sheep. Many sheep. 
however, are bred 
for a number of 
different purposes 
and an all-round 
sheep can show a 
compromise between 
high meat and 

wool production. 


of sheep and preparing 
them for shearing are 
essential if the skilled 
worker is to achieve 
maximum output. To 
meet seasonal needs, 
itinerant gangs of con. 
tract shearers serve 
many large farms 


SS 


Cuts of meat 


Most meat eaten in the Western world is 
bought cut and prepared from butchers 
shops, although with the increasing availa- 
bility of domestic freezers many people now 
buy half or quarter animals 
meat themselves. 


nd prepare the 
This costs less, saves time 
spent in shopping and provides a store of 
meat for unexpected demands, 


Commercial butchering 
Butchers’ meat is, broadly, beef 
mutton, lamb, and pork. After an animal has 
been slaughtered, the viscera are 
be sold separately as offal or variety meats 
(liver, kidneys, heart, brains and so on) 
Some organs are sold to commercial food 
processors to be used in pies and puddings or 
packaged as pet food 

Offal meats are highly nutritious but are 
neglected by many people. Liver and kid 
neys, in particular, are easily cooked and 
supply many of the minerals and trace cle- 
ments essential to a proper diet 

Brains and sweetbreads 


veal 


removed to 


the pancreas 
are easily digested and are excellent as the 
basis for restorative meals for invalids. Tripe 


1 Beetis preferred 
by the Western world 
toalmostall other 
meat. The classic 
English dish is roast 
beef with Yorkshire 
pudding, a batter 
cooked around and 
under the roast. The 
tradition of eating it 
roasted on Sunday 
began in the last cen 
tury; forthe poor, it 
was the only day on 
which they could 
stford to eat meat and 
forthe middle class it 
was the day on which 
the whole family came 
together. Beef 

is best when rare 


1 Brisket: used for pot 
roasts or salt beet 


4 Sirloin: makes the best 6 


ido 


house and T-t 


iz 
——— 
e -2 


needs special attention - blanching and 
scrubbing ~ but that is normally done by the 
butcher. The classic dish tripes à la mode de 
Caen is simmered in a very low oven for 
hours. Ox and lamb tongue is usually boiled, 
but ox tongue can be roasted, 

All meat, with the exception of pork 
benefits from conditioning, or hanging, a 
matter of literally hanging the carcass for 
few days while enzymes in it break down 


connective tissue and make the meat tender. 
The process (a week for lamb or mutton, 10 
14 days for beef) also improves flavour 


Meat cutting and hanging 
Butchers prepare meat to produce cuts that 
will command the best prices. Most people 
equate quality with tenderness (although in 
fact some relatively tough cuts carry more 
flavour). Hindquarters of beef. legs of lamb 
and pork and mutton chops are preferred 
Beef hindquarters (prepared as steaks or 
roasts) should be strongly red in colour, firm, 
fine-grained and marbled with streaks of fat 
The outside fat should be a rich cream in 
colour and slightly crumbly 


6 Rump stoak 


highly usually stewed or pot 
favoured: best griled roasted though whole 
or roasted whole Joints are often bx 

7 Cuts trom the flanks 8 Shin of boet: stewed, 


3 Theoldestrecogni- 4 
zed breed of cattle, 
andthe heaviest, is 
the Italian Chianina 
IA]. Brod in Tuscany 
since ancient times, 
itis grown for 

its enormous size. 
The Chianina grows 
fast and is slaught 
ered at an earlier 
age than other cattle 
The finest French 
beet cattle are the 
white Charolais |B]. 
named after the area 
in Burgundy where 
they originated. They 
are always fod on 
grass and as a result 
their meat is extrem 
ely lean and yet ten- 
dor. Red and white 
Herefords |C] a 

the result of gener 
ations of breeding 
by cattle farmers in 
Hereford, England. 
The breed has been 
exported all over the 
world, principally 
tothe USA, Can. 
ada, South America 
and Australia 


4 The cow, sheep and 
pig are the world’s 
major food animals. 
This chart is a pro- 
portional represent 
ation of the beef, 
lamb and porkeaten 
in pounds per person 
per year in various 
countries. The main 
factor influencing 
consumption isthe 
standard of living 
inthe countries. 


Canada 


Francs 


Beef and veat 


CONNECTIONS 


Veal [2]. the meat of young calves be: 
tween two weeks and a year old, is rarely gee atso 
hung, but most of the blood is removed to =% 
give the meat its characteristic pale colour 
The flesh should be plump, fine-grained and Cte to wut 
marbled with white, almost transparent fat 

Mutton is at its best when the sheep is at 
least four years old before it is killed, It is a 
highly flavoured meat, and should be red 
with white fat and firm, fine-grained flesh. As 
mutton can be tough, it should be marinated 
before it is cooked to avoid dryness. Lamb 
refers to sheep less than 12 months old. It is 
very tender and, owing to its relatively high 
fat content, easily cooked. Lamb is popular 
throughout the world, especially around the 
Mediterranean basin. Very young milk-fed 
lamb is regarded as a great delicacy 

English lamb, 


increasingly popular 
because of its tenderness and the case with 
which it is cooked, js largely exported to 
Europe where delicate flavour is 
appreciated. A good deal of lamb is also 
exported by Australia and New Zealand 
Lamb is at its best when the animal is be- 
tween three and five months old [5]. It should 


its 


2 Vealiis far moro 
popular in Europe. 
especially Italy, 


2@ 


than in Britain, 
itis atender 
meat, easily cooked, 


6 Loin: best roasted or cut 
pot into chops 

or boilod 7 Fillet: provides 1 

jør- usually ndore 


colant romt although it 
Tar battor when thinly 
d or grilled 


\d of neck: usod 
ws and 


(qoulashe 
4 Middle m 
pot roasted or braised 9 
from tho best 
the neck 


and 


Netherlands 


‘Austria 


Norway 
Caribbean Island paal 


Central Americ South Attica 


South America 


Finland 


Spain 
Sweden 
Switzerland 


Grooe 
United Kingdom 


United States 
of America 


Iroland| 


Uruguay 


consumption 
Pork 
consumption 


Mutton and lamb 


be plump and pale brownish-pink in colour 
with fine, hard opaline fat. 

Pork, a good source of protein and vit 
amin B, must be carefully chosen, not kept 
too long, and carefully cooked because of the 
danger of disease. The meat should be pale 
pink. lean, with white, firm fat, and have a 
thin skin. It should yield to 
springing back readily. Pork can be eaten at 
time of the year provided it is kept 
refrigerated, clean and is thoroughly cooked 
If the meat still looks raw after it has been 
cooked, it should be thrown away 


pressure 


any 


Cooking meat 

Meat should always be wiped with a damp 
cloth before it is cooked. and surplus fat 
The most common methods of 


removed. 
cooking meat are rc 


sting or baking, stewing, 
braising, casseroling. frying and grilling 

The less tender portions of meat can often 
be improved by marinating before cooking 
A marinade ~ a seasoned liquid (a cheap one 
can be made of onions, water and vinegar) 
helps to tenderize the meat and gives it more 
flavour, The best marinades are made from 


5 Lambisimmensely 5 
popular in the Middle 
East where it is 

often cooked ona 

spit over an open 

fire. It benefits 
from the use of herbs 
the tradition of serv: 
ing itwith mint sauce 
is an Arab innovation 
Three- month-old lamb 
is the tastiest, but 

all lamb, even deep 
frozen, is tender 


1 Breast af lamb: though 
fatty it ie succulont it 
is usually roasted af 


ng boned and stuffed 


2 Shoulder: often roasted 
whole but can be boned 
and stutfed 
for stock, broths and 

a Serag ond of neck: best 


stewed or casnarolod 
5 Middlo nock cuts 

‘ean bo grilled 
6 Best end of neck: cut 

into chops or roasted 8 Loin: usually cut into 

who chops but can also be 
7 Sadala: primo roasting roasted 

t which can be spit- 9 Leg: roasted whole or 


asted whole cubed for shish kebab» 


7A 


brandy. wine and herbs and if meat is left in 
them overnight the improvement in flavour 
and tenderness is dramatic 

Roasting is done in an oven (wrapping the 
meat in aluminium foil helps seal in the 
flavour and prevents the oven getting too 
dirty) and the meat is basted with its own 
juices. Small joints are apt to get dry and a 
glass of wine or meat stock is often added to 
them halfway through the cooking process 

Pot roasting is a method of cooking 
in a heavy closed pan on an open ele- 


ment. The meat is first sealed by heating in a 
frying pan and then placed in the saucepan 
with the fat yielded by the frying. It is then 
left to. cook normally in its own juices, 

Stewing and braising are similar 


the 
meat is cut into pieces and cooked in water 
but when itis to be braised itis first sealedina 
frying pan. Meat may be stewed or braised 
with vegetables and if it is cooked with them 
ina closed oven-dish a casserole is produced 

Only the most tender cuts of meat should 
be grilled or fried, Steaks, whether they are 
fried or grilled, should be sealed quickly first 
to preserve the natural juices 


Crownroast [C] and 
Guard of Honour [D] 
are elegant ways of 
preparing a tradi ed [A]. Tomakethe 
tional roast. The crown roast, the two 
starting point for necks are stitched 


both are two best 
end necks of lamb 
with the bones clean. 


6 Milk-fed pork gives 


nesriyalithecarcass "atiri and ines 
cmurrocueder AA 
fried. Agreatdelicecy 2 Loin: ean be roasted or 
Wih heop: oven '" be poed ao provao Unweanedpigietsare 3 Foreioin: bent roasted | 
though mainly b thickening for gravies usually roasted with chaps 4 
tho meat portions have and sauces or slowly chestnut or 4 Spare n 
7Kebsbeareatavou: ndiema 3 


rite method of serv- 
ing lamb inthe Mid 
dle East. The word is 
Arabic for "skew 
orod”. The tradition 
began when soldiers 
cooked freshly killed 
lamb on their swords 
over open fires. In 
modern shish kebab 
[B], the meat is mari 
nated in wine then 
threaded on skewers 
with thin layers of fa 
and grilled, usually 
‘over charcoal, Doner 
‘bab [A], originally a 
whole leg, is now often 


with herbs into the 
shape of aleg. Itis 
roasted on a vertical 
spit and slices are 
carved off, Kebabs 
are usually served 
with rice and raw 
vegetable salads. 
Lamb, veal and pigs’ 
kidney: 
excellent when cooked 
on skewers with pep: 
persand onions. In 
classical French 

sine they are 
soaked in brandy and 
served flaming ona 
skewer at the table 


e also 


8 Goats are bred 
mainly in countries 
where the pasture is 
too poor for sheep: the 
desert areas of the 
Middle East, for ex 
ample, and the moun 
tainous regions of 
Greece and the Bal 


kans. Old goat needs 

long cooking; indeed, 

many recipes suggest 
slow simmering over 

night. Very young kid 

can be sweet and ten- 

der and is often roast. 

‘ed whole, like suckling 
pig. Inthe Middle 


dot 


make the Gu: 
Honour, the necks 
are interlocked and 
the hollow stuffed 


5 Hand or shouldor: casse. 
toled whole or boiled 

& Baily of pork : it is 
tatty and best used for 
flavouring other dishes 


7 Trotters: still considered 
a great delicacy, they are 
boiled and can be served 


aither hat or cold 


East, kidis a great 
delicacy andis often 
stuffed with rice, 
raisins and nuts. 

The goat has been a 
general purpose ani 
mal since time imme 
morial, giving man 
both meat and milk 
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Pork, ham, sausages and cold meats 


Pork. the fresh meat of the domestic pig, is 
one of the most versatile of meats. High in 
calories and a good source of vitamin 
B, (thiamin), pork products are highly nu- 
tritious. The pig was first domesticated in the 
Near East in about 7000 BC and its 
omnivorous habits and undemanding nature 
make it a relatively easy animal to rear. It 
produces more edible meat per unit of car- 
cass weight than most other food animals 
and, in spite of its proscription under Judaic 
and Islamic law (according to which the meat 
of the pig is deemed unclean), it has long 
been a staple of both Western and Eastern 
cuisines. Indeed, when the Chinese say 
meat”, they mean pork. They refer to beef, 
chicken and lamb by name 


The curing of pork and ham 

Pork may be eaten fresh or cured. Great care 
must be taken when cooking fresh pork; it 
should never be eaten very rare (underdone) 
because the larvae of the parasite Trichinella 
spiralis can infest pork meat in temperate cli- 
mates and can be killed for certain only by 
Jong, slow cooking 


1 Thehindlegsand 1 
loins of the pig make 
the best cured pork 
and ham. The curing 
is carried out in dry 
salt or brine and 
may be followed by 
smoking over a hard: 
wood fire betore 
drying and maturing 
The variation in 
types of ham arises 
from differences in 
the process from 
place to place. 
Molasses or sugar 
can be added to the 
brine and a variety 
of herbs and spices 
can also be used, 
While being cured, 


2 The wild boar 

of Europe (Sus 
scrofa) and that of 
Asia (S. vittatis) are 
the direct ancestors 
of modern domestic 


be found throughout 
Europe and Asia. 
They were introduced 
into America and can 
today be found 

in the Appalachians. 


pig breeds. Wild The boar is still 
boars are extinct in hunted for game, 
Britain because of usually with dogs. 


‘over-hunting and the 
loss of the forests, 
but they can still 
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In France the flesh 
of the marcassin (a 
term for a wild boar 


The best cured pork and ham [1] comes 
from the prime parts of the pig —the hind legs 
and the loin. The curing and salting of pork is 
an ancient process that began in Roman 
times or even earlier and its purpose was to 
preserve the meat for the winter. The 
comparatively recent introduction of winter 
feed for the animals, and of refrigeration asa 
means of storage, have lessened the need for 
curing as a method of preservation. Flavour is 
now a main reason for curing. The ham is 
removed from the body of the pig and is 
cured wet or dry, usually in salt or in brine, 
but sometimes in molasses or maple syrup. 
The cured meat may then be smoked (Irish 
hams are smoked over peat which gives them 
a very distinctive taste) and left for varying 
periods of time to mature; in the Huelva 
region of Spain, the jamón de serrano is 
traditionally left in the snow to mature 
Nutrition plays an all-important part in 
the ultimate flavour of the specialist hams — 
Parma pigs are fed on parsnips, Virginia pigs 
on peanuts and peaches, and Kentucky pigs 
on wild acorns, beans and clover. Some of the 
world’s most famous hams, including 


upto six months old) 
is considered a great 
delicacy. Pigs were 
first domesticated 
about 2900 BC and 
nowadays there are 
two main varieties 
the long-backed 
Chinese pig and its 
heavier cousin, the 
European or the 
Danish variety. 


Bayonne, Parma and Westphalia, may be 
eaten uncooked. Lesser-known German, 
French and Polish country hams such as 
Lachsschinken and Losoiowa can also be 
eaten raw. Other fine hams such as 
Czechoslovakian Prague ham, Pražká 
šunka, are cured, smoked and left to mature 
in preparation for final cooking 

Bacon comes from the body of the pig and 
is cured in brine. It may be bought smoked or 
unsmoked (“green”), boned and rolled in 
joints, or in rashers and steaks. $ 
countries, particularly Denmark, have long 
specialized in the intensive production of 
high-grade lean bacon, primarily for export 
The pigs are specially bred for this purpose 
and both age and breeding play an important 
role in the taste of the final product 


le bags of mystery” 

Pork is also the basic ingredient of many 
types of sausage [3]. The origins of this food 
(the word derives from the Latin salsus, 
meaning salted) are obscure and the earliest 
reference to its consumption appear in 
Homer's Odyssey, 


n the Middle Ages the 


hams take on col 
ours that range from 
rod-brown to black 
This is caused by 

the type of brine and 
the method of smoking 
and maturing the meat, 
Representative of the 
various methods, some 
of the more famous 
hams are shown, 


A English York, famous 
for its delicate flavour, 
miid cured and: 
‘cooked 

B English Cumberland, 
also mild cured and 
cooked 

C English Bradenham, 
sweet cured and 
matured for several 
months 

D English Wiltshire 
(really bacon, being 
‘cured as part of the 
bacon side) 

E English Suffolk, 
cured like Bradenham, 

totains a distinctive 

flavour 


CONNECTIONS: 


See also 


F Irishhamsgottheir 


favour from th 


G Italian Parma, a 
smoked ham 
ronowned for its 
subtle favour 

H Czechoslovakian 
Prague, marbled 
with fot and smoked 
ovor beochwood fires: 
its tong maturation. 
makes its flavour 
‘unequalled 

1 Danish gammon, 
boned, bacon- 
cured and 
unamoked 

3 American Virginia, 
from pigs ted on 
peachos and nuts; the 
pork is smoked over 
hickory fires 

K German Westphalian, 


juniper wood 
L French Bayonne, 

smoked and 

delicately flavoured 
M Swiss Gi 

ham mac 
inthe Alps 


plain, rather humble sausages of classical 
times were transformed, by the use of mixed 
meats and exotic flavourings and spices, into 
the forerunner of today’s products 
Known rather derisively ìn Victorian 
times as “little bags of mystery", sausages 
consist of a filling of chopped or minced meat 
or meats, plus seasonings, preservatives and 
sometimes a cereal, all encased in an edible 
skin made either from the animal's intestine 
or from man-made cellulose. Sausages may 
be divided into two main categories. The 
dry” sausages or charcuterie (from the 
French chair cuite, meaning cooked meat of 
the pig) are ready to eat. They include the 
ubiquitous salami, traditionally made from 
pork meat and lard, although Hungarian 
salami should contain donkey meat; Italian 
mortadella, which is often studded with pis: 
tachio nuts; and various types of liver and 
garlic sausages. The second type of sausage 
known as “wet” must first be cooked, It is 
sometimes allowed to cool, but more often 
forms an integral part of a stew or hot meat 
dish, “Wet” sausages include the German 
Frankfurter and Bratwurst, Italian zampone 


3 Sausages made 
from chopped meat 
mixed with other 
foods and stuffed 

into a gut, are part 

of the culinary tradition 
which is centuries old 
and stretches back to 
ancient Greece, being 
mentioned in Homer's 
Odyssey in the 9th 
century BC. 


Pork is particularly 
suited to sausa, 
making and all parts 
of the pig can be used, 
including the liver 

~in Leberwurst — 

and the blood ~ 

in boudin or black pud. 
ding. Beef is often 
mixed with pork or is 
used alone. Sausages 
are also made from 


(encased in the skin from a pig's trotter), 
Spanish chorizo, the famous saucisson de 
Toulouse from France, and regional 
specialities such as the haggis from Scotland, 
blood or black puddings from France, Ger- 
many and Britain and the andouilles and 
andouillettes of provincial France 

The sausage, which began as one of the 
world’s first convenience foods and a means 
of economically using up odd straps of meat, 
now. in a variety of forms, occupies an impor- 
tant and integral part of international cuisine. 


‘The pig stripped naked 

The fact that there is very little wastage from 
the carcass of a pig has contributed to its 
worldwide popularity and exploitation as a 
food animal. Liver, heart, tongue and brains 
are all sold as delicacies, Trotters, snouts, 
heads, tails, ears and chitterlings (small intes- 
tines), although in declining demand, are still 
widely bought for human consumption. Pig 
skin is used for leatherwork such as handbags 
and purses; back and caul fat are used to 
moisten lean cuts of meat; and the bones are 
ground for animal feed 


other animals and 


even fish. Finally A Italian zampone 
B Polish Arahowska 
© Polish debowiecks 
Italian moctadelh 
forthe new “non-meat” £ Gormon soerarst 
proteins such as soya F Polish kabanos 
bean protein, either G Italian sa/am 
alone with a filler hia pamena A 
À unganian salami wi 
or mixed with trad: pen e 
itional sausage mı J German cervelat 
Some European Italian crespone 
‘sausages are shown, L 


A 


medieval print 


shows a swineherd 


44 »ovozz 
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Gorman Bratwurst 
German Mettwurst 
Franch boudin 
Scottish haggis 
French boudin blanc 
English Cumberland 
sausage 

Polish wiankowa 
Gorman But 
Zungerwurst 
Spanish chorizos 
German Frankfurter 


knocking down acorns 
for fodder. Pigs have 


minced pork, ve 
rabbit, game or liver 
flavoured with herbs, 
spices and wine or 
brandy, A terrine 
a paté cooked and 
kept in an earthern- 

re pot Such as the 
pate [A], the 

paté de campagne [C] 
and the pheasant pate 


been reared in Eur 
‘ope since 2900 BC. 


1D]. The French 

paté de foie gras |B] 
is from the 
extra-rich and enlarg- 
ed livers of forco fed 
nd always 
includes large pieces 
of truffles, An 

even more exotic 
pate is that made 

in New Caledonia 
from fruit bats. 
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Poultry and egg production 


The modern trend throughout livestock 
farming is towards more intensive methods 
In this, specialists in poultry have set the 
pace; since the 1920s poultry production has 
changed out of all recognition, Barnyard 
fowls have given way to egg and broiler fac- 
tories controlled by a decreasing number of 
large, integrated organizations. The largest 
broiler chicken companies control their own 
feed-production, house-building, slaughter- 
ing and freezing plants. 

As a result of the revolution in poultry 
raising, smallholders who once made a 
comfortable living out of 1,000 laying hens 
have been driven out of business. Poultry as a 
sideline, too, has been discontinued on many 
farms, except for direct sale of fresh free 
range eggs for which a premium must be 
charged to cover high production costs. The 
old-fashioned five- to six- month-old cock 
chicken reared outside on corn stubbles has 
been replaced by the broiler, a bird that is 
mass produced in dim, controlled- 
environment houses, These birds are ready 
for market in eight to ten weeks. Turkey and 
duck farming [6] is becoming equally inten 


1 
A Australorp 
B Comish F Plymouth Rock 
C Dorking G Rhode Island Red 
D Leghorn H Light Sussex 


= 
£ 


sive and today only small flocks of geese and 
some water fowl and game birds are still pro- 
duced in traditional conditions. 


Breeding poultry for profit 

Among livestock, poultry were the first to 
receive serious attention from geneticists, 
who had discovered that planned crossbreed- 
ing of specially selected pure and inbred lines 
of plants could give exciting increases in 
production. Tailor-made hybrids for egg and 
broiler chicken production quickly ousted 
the old pure breeds [1] such as the Rhode 
Island Red, White, Black and Brown 
Leghorns, Light Sussex and crosses between 
them. 

Hybrid poultry breeding [5] started seri- 
ously in Britain in the mid-1950s and today 
only a few small independent breeders are 
left. Poultry breeding for egg and broiler 
production is dominated by large companies 
based in the USA and Canada. These 
organizations sell grandparent stock from 
their closely controlled breeding pro- 
grammes to licensed multiplier breeders and 
hatcheries farther down the production 


1 Commercial hybrid 2 
poultry, bred speci 

fically for eggs or 

‘meat, are descended 

from a variety of pure 

breeding birds. The 

most productive egg 

laying strains have 

been derived from 

Leghorns and < 
Rhode Island Reds. 

Pure White, Brown 
or Black Leghorn: 
are lightweight birds. 
The object in the 
breeding of table 
chickens is efficient 
food conversion and 
rapid growth, plus the 
maximum amount of 
leg and breast meat 
Today's broilers are 
based on heavier, 
quieter breeds like 
the New Hampshire, 
Plymouth Rock and 
Light Sussex. The 
Dorking and Cornish 
are old English meat 
breeds while the 
Australorp is a new 
Australian strain, 


hens’ 
eggs in heated and 
ventilated cabinets 


3 20 weeks growing Production ye 
producing 240-250 eggs 


Months of life 1 


No. of eggs produced 


25- 
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pyramid in many different countries. Royal- 
ties are charged on day-old chicks produced 
and these are then sold to commercial pro- 
ducers of eggs, broilers and turkeys, 

The genetic make-up of modern hybrids 
is changing all the time and most are now 
described purely by code name. They are 
advertised and sold on their performance 
specifications proved in trials [3]. These 
include eggs per bird; size and weight over a 
given period; and the ability to convert 
expensive balanced rations into eggs or 
poultry meat. Resistance or immunity to dis- 
case will also be in the sales specification. 


The technology of intensive rearing 

The other reasons for the rapid changes in 
poultry farming methods lie in twentieth- 
century technology. The development of the 
incubator to replace the mother hen sitting 
her seasonal clutch of eges was the first major 
step towards factory farming of poultry [2] 
Artificial incubation led to an immediate 


increase in egg production. 
Compared to other farm livestock the life 
cycle of poultry is short and the number of 


has turned poultry 
production into an 
industry. Each egg is 


for 21 days during 
which time the tem: 
perature of 37,65°C 


kept inthe incubator —_(99.75°F) is maintain. 

ach bird Exceptional Ind production 
birds ore season, 6 months 
Given 16 wks of greatly reduced 
Test for output 
moulting 
betore going 
on to second 
season 


CONNECTIONS: 


See aiso 
Tha farming 


Humidity % 


ed. Humidity is kept at 
60% then raised to 

70% for the last three 
days before hatching. 


3 Modern egg produc- 
tion is a highly in- 
tensive and carefully 
costed business. The 
efficiency of different 
laying strains is com 
pared since producers 
need to know how 
long it takes different 
breeds and hybrids to 
mature, the number 
and sizes of eggs laid 
over a given period 
and the amount 

of scientifically bal. 
anced food needed to 
maintain the bird and 
produce the eggs. 
Most modern hybrid 
strains grow to mat 
urity in about 20 
weeks and are then 
kept in laying cages 
for approximately 12 
months before thay 
go into moult, During 
this period they 
produce 240-250 eggs 
Occasionally they are 
allowed a second 
season ~ six months of 
greatly reduced output 
-but usually they 
are slaughtered. 


eggs and potential offspring produced is 
much higher. A modern hen reaching 
maturity in five months can lay well over 200 
eggs a year. Fertile hen, duck and turkey eggs 
can be moved long distances to a central 
incubator plant and carefully boxed day-old 
chicks are then sent all over the world. 
Except for water fowl, most poultry lend 
themselves to highly intensive housing and 
production methods, Egg production was the 
first aspect to become really intensive on a 
large scale and most laying birds are now 
housed in cages of different types. The latest 
laying cages have automatic feeding 
watering and egg collection, Waste droppings 
are removed mechanically from three or four 
tier cages, or allowed to build up in pits under 
single-tier flatdecks or staggered tiers of 
cages, Some farmers still prefer their replace 
ment egg l 
but once a 


ers reared on open free range 
ain the trend is towards more 
cusily managed, intensive housing methods 
It has been proved that poultry, like 
plants, respond to variations in light length 
and intensity. Therefore, the light pattern for 
laying birds in windowless houses is gradually 


Normal malo 


i, 
Nometotinng” CFS 


4 Various techniques 
are used for breed: 

ing poultry for the 
table, The female 

of a dwarf or bantam 
strain of White 
Plymouth Rock is 
economical on feed 
but when crossed with 
the male of a normal- 


sized strain it pro- 
duces normal-sized 
offspring. Desirable 
traits in table birds 
include early feather 
ing, which aids im: 
mediate sexing, and 
white plumage, which 
gives a cleaner car. 
cass when the bird is 
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Body walght 
2kg Ío 1em 
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increased from the onset of lay, to simulate a 
perpetual spring when birds in their natural 
state lay most eggs. Well insulated and fan 
ventilated houses provide an even tempera 
ture and in addition artificial heat is used for 
replacement chick rearing and broiler 
chicken production. Most broilers are still 
produced on comfortably littered solid 
floors, but more controlled cage-rearing 
methods have now appeared. The main 
drawback to wire-floored cages for table 
birds has been that they cause breast blisters, 
which look unsightly in the carcass 


The case for intensive methods 

Intensive poultry-rearing methods, which 
have cut the cost and increased the efficiency 
of egg and poultry meat production and 
changed chicken meat from an expensive 
luxury to a competitively priced source of 
meat, are condemned as unnatural and cruel 
by advocates of more natural open range 
farming methods. However, poultry pro- 
ducers claim that their methods must meet all 
the birds’ comfort and nutritional require- 
ments or production would suffer 


Age in 6 


weeks 


8 
Broiler 

2 

16 Roaster 

20 

ai Hen 

28 


dressed. A dressed 
bird can be marketed 
under different namos 
according to its age 
when killed. A bird 
9-12 weeks old is a 
broiler or fryer, 12-20 t 
woeks is a roaster 

and older than that is 

a stewing bird or hen, 


e 
j 5 Increase in ogg 
/ production has been 


dramatic since selec- 
tive poultry breeding 
started in earnest in 
the post-war years. 
The increase has 
been achieved by se- 
lecting smaller, more 
tertile hybrid layers. 
Although their eggs 
are smaller the hens 


Key 


The days of the trad- 
itional farm where 
poultry survived on 
scraps from the 
kitchen and pickings 


eat less food per 
egg produced than 
birds laying large 
eggs, and aro twice 
as efficient at con- 
verting food into eggs 
compared with their 
pre-war ancesto 

The feeding of scien. 
tifically balanced 
rations has also 
raised efficiency, 


trom the farmyard 
have largely disap 
peared with the ad 
vent of intensive 
rearing methods. 


C Egyptian 
D Groylag 
E Toulouse 
F Embdon 


Ducks 
G Bull Orpington 
H Muscovy 

1 Khaki Campboll 
4 Aylesbury 

K Pekin 


Nowadays the poultry 
industry is based 

on large numbers 

of birds housed 
under one roof. 


L Indian Runner White 
M Rouen 


Turkeys 

N Beltsville 

O Brosdbreasted Bronze 
P Black Norfolk 


6 Ducks and gesse 
were domesticated 
over 3,000 years ago. 
Turkeys reached 
Europe in the 1500s. 
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Poultry and game 


Today's most universally eaten meat is prob- 
ably the domestic chicken, which is raised 
almost everywhere in the world, in places 
ranging from back yards to huge factories 
The Romans bred chickens for the table and 
are reputed to have drowned the birds in red 
wine to impart a finer flavour. In the Middle 
Ages, chicken was fare fit for kings and lords 
only: the poor kept the birds for eggs and new 
chicks and killed a hen only when it became 
too old to lay eggs. Chicken [2A, 2B] is now 
one of the cheapest of all meats. Most chick- 
ens are bred in batteries to be marketed as 
roasting birds, varying from tiny poussins to 
family-sized broilers. Factory-reared chick- 
ens lack taste, because they are killed young 
and also because they are not hung to let the 
‘meat mature, even for a short period. 


Goose, turkey and duck 

Goose [2C, 2D] was considered the finest 
poultry of all for festive occasions until 
ousted by the turkey in the sixteenth and 
seventeenth centuries, Roast goose was a 
favourite dish of Queen Elizabeth I of Eng- 
land and was eaten on Michaelmas Day, 29 
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September. In the nineteenth century, goose 
was the principal Christmas bird, sometimes 
in the form of a goose pie, which consisted of 
boned goose stuffed with smaller boned 
birds and encased in a rich pastry crust. In 
Scandinavia, Germany and parts of France, 
goose is still eaten on festive occasions. The 
Strasbourg goose is specially fattened and the 
large liver used for fois gras; the meat is 
salted, cooked and potted to make confit 
d'oie, which keeps for months. 

Turkey [2E] was introduced to Europe 
from America in the sixteenth century via the 
Gulf of Mexico. It quickly replaced goose in 
Popularity because of its larger size and its 
closer, less fatty meat. In Britain and North 
America it is now traditional at Christmas 
and weddings and in America also on 
Thanksgiving day. 

Duck [2H] is the most expensive type of 
poultry; it is difficult to breed under factory 
conditions and the proportion of meat to 
bone is small. The French Rouen duckling is 
prepared and cooked with its own blood 
which gives a special flavour and red colour 
t. Nantes duckling is plumper and 


the meat paler; it is often cooked å l'orange. 
Gourmets maintain that the Chinese 
methods of preparing and cooking duck, such ° 
as Peking and Szechwan duck, are superiorto “ 
any other recipes. These involve spicing the 
exterior of the bird with honey and wind- 
drying it before finally roasting 


Game animals and birds 
Quails and squabs are domesticated varieties 
of game birds and are classified as such in 
many countries, notably the United States, 
France and Italy. In Britain, quails (2F] for 
the table are imported frozen from Japan 
although a few farms are now producing 
them commercially. Squabs [2G] are a type of 
Pigeon, bred to be eaten young while tender 
Man's first food consisted of birds’ eggs, 
roots, berries and wild vegetables, a scant 
diet that he had to supplement by killing 
game animals. These included elephants, 
bison, moose [1A], reindeer and wild pigs. As 
man’s nomadic existence in search of food 
jaced by community life, with tilling 
id breeding of cattle, game hunting. 
became less important as a source of food, 


1 Game animals and rod deer |D]; the wild 


CONNECTIONS 
See aiso 


in North America; 


birds of the world boar [E]; such ground partridge |M}, 
include the North gamo as the rabbit [F] woodcock [N], 
American moose [A], and the hare [G] wild guinea fow! [0] 
one of the largest Which are prolific and pheasant [P], re 
andrarestofgame throughout Europe; garded as the finest 


animals; the black 
bear [B]; the black. 
buck [C]; a typical 
antelope from India, 
is prized for its meat 
and for trophies: the 


the grey squirrel [H]. 
hunted in parts of 
America; mallard 
duck [I], the largest 
of the wild duck; the 
wild Canada goose 
IJ]; the wild turkey 
IK]. indigenous to 
North and Centra 
‘America; the mourn 
ing dove IL), hunted 


game birds; the golden 
plover [Q], now pro- 
tected in many coun: 
tries; the great 

bustard [R], one of 

the largest flying birds, 
found chiefly in 
Europe; and the lark 
IS], regarded 

as a gr 

in France. 


delicacy 


although furs and skins were still needed for 
clothing, But big game became scarcer and 
many of the original species are now extinct 
in many areas 

Red deer [ID] are still distributed 
throughout Europe, Asia and North America 
and they provide the favourite game meat 
Deer's meat is known as venison. 

The wild boar [1E] no longer roams the 
dense forests of Europe as it did when it was 
the target of medieval royal hunts, Then the 
elaborately decorated boar's head, complete 
with polished tusks, fo 
at banquets 

Venison and rare game birds remained 
the prerogatives of the rich, while the poor 


ned the centrepiece 


satisfied their craving for meat with wild 
rabbit [1F], hare [1G] and squirrel [1H], most 
often made into stews and pies. 

In Europe and China, pheasant [1P] is the 
favourite and most expensive game bird; the 
meat of the hen is more tender than that of 
the cock, which is larger and distinguished by 
its brilliant tail feathers. Partridge [IM]. 
woodcock [IN], wild duck [11] and guinea 
fowl [10] are also popular. In most countries, 


2 Most popular 
chicken breeds like 
the White Leghorn 
Al and Rhode 

Island Red [B] are 

for table use and egg 
production: few chick 
ens are free-range 
nowadays, most being 
battery-roared for ex 
panding markets. 
Domestic geese, now 
in dwindling supply. in- 
clude Chinese goose 
IC], bred from the 
Siberian swan goose, 
and the greylag 

goose [D]. The tur 

koy [E] has replaced 
the goose in popularity 
and availability and is 


the traditional festive 
bird in Britain and 
North America. 

Quail |F] is a migra- 
tory bird coming to 
Europe from Africa 

for the summer, but 
the birds seen in poult- 
erers’ shops have 
been bred on poultry 
farms. The squab or 
dovecot pigeon [G] is a 
domesticated version 
of the wild species: 

itis becoming rare 
and consequently an 
expensive delicacy. 
Species of farmyard 
ducks vary from 
country to country: 
in Britain tho Ayles- 


2 


game birds are protected by law during cer 
tain months of the year; they may not be 
killed in the so-called These 
vary from country to country and from state 
to state, but usually include nesting periods, 
In Britain, “the Glorious Twelfth” — 12 
August — opens the grouse-shooting season 


close seasons’ 


Which ends again in December 


Hanging of game birds 

All game ~ birds and animals - should be 
hung for a time to tenderize the meat and 
develop the flavours, The hanging period 
depends on individual taste (some people 
prefer their game “high"), on the weather 
and on the age of the game. Young game 
birds, best roasted and grilled, are hung for a 
shorter time (usually seven days) than older 


game, which is more suitable for casseroles. 
Peacocks and swans are now prized for 
their ornamental features and not for the gas 
tronomic qualities with which the Middle 
Ages endowed them, In most countries, small 
song-birds are protected by law, but in 
France they are not and the blackbird, lark 
[15] and thrush are considered delicacies 


bury duck IH] is the 
favourite breed, 
and was originally 
bred from the 

wild mallard, 
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This 19th-century 
‘engraving shows a 
busy English market 
day. The poulterer 
supplied whatever 
game was in season 
as well as chicken, 


duck and giblets 
The upper classes 

of the 18th and 19th 
centuries were pro: 
digious eaters. A 

typical menu of the 
late 18th century in 


cluded ”A couple of 
rabbits smothered 
with onions, a neck of 
boiled mutton, and 

a goose roasted with 
currant pudding 

anda plain one” 


a 


Commercial fishing 


The sea is a vast hunting ground for food for 
man. But fish are caught in commercial quan. 
tities in relatively small areas, where the 
ions are favourable to the growth of 
Phytoplankton (minute plants) on which 
many marine organisms feed. Regions where 


coni 


deeper level 


wells up to the surface from 


are particularly rich in phytop 


ankton and although they make up only 
if 


about one per cent of the area of the sea, ha 
the annual catch of fish is taken in them. F 
fish make up about 90 per cent of the catch 


Among the remaining ten per cent are sea 
foods of high commercial value, such as mol 


uses and crustaceans. Of the total catch. 
about half goes to make animal feed-stuffs. 
The danger of overfishing 


Throughout his history as a seafarer, man has 
ntil recently assumed that the seas would 
provide fish in unlimited quantities; the size 


the cate 


ppeared to be directly related to 
improvements in the fishing industry's tech 


logy. But in the modern world developed 
nations have become so efficient at catching 
fish that they ha disturbed the delicate 


Bolly cl 


balance between the hunte 


and his prey. The 
rate at which certain specific fish species are 
being replaced has now fallen behind the 
rate at which they are being caught 

Fish catches rose rapidly from the mid. 
1950s but statistics show that on a world basis 
a period of positive decline has now begun 
The peak year was 1970 when a world catch 
of 69.6 million tonnes was recorded, Since 
then the annual catch has been cut buck to 
about 65 million tonnes {7] 


Diminishing stocks and fishing control 
In recent years, fish stocks been 
depleted by various natural events as well as 


have 


by overfishing. The Peruvian anchoveta 
fishery ~ which provided the world’s largest 
annual catch of a single species - w 


destroyed by the appearance of El Niño, a 
warm sea current that invaded the area, dis- 
turbing the environment for the fish. The 
shoals temporarily disappeared, and their 
numbers remain diminished, although partly 
offset by the development of a market for 
Alaskan pollack, regarded as a cheap alter 
native to cod, Caught in the northeast and 


northwest Pacific Ocean, Alaskan pollack 
has now replaced anchove 
biggest single species catch. 

Because supplies of fish have decreased 


as the world’s 


estimates of future production have been 
revised. At one time it was thought that 200 
llion tonnes of fish could be caught each 
year without drastically depleting stocks 


Now, even assuming development of unex 
Ploited resources and effective international 
control of fishing, the 


maximum potential 
yield of marine species of fish, crus 
and molluscs is estimated at 
million tonnes 


eans 
about 118 

Fish stocks are a food resource capable of 
self-replenishment but they can continue to 
provide valuable for the world’s 
growing with 


protein 
population only 
management. Th 
stocks should provide grim example of the 
folly of uncontrolled hunting of fish. Until 
there is international 


careful 


Near-extinction of whale 


agreement about the 

Perils of such overfishing, too many boats will 

continue to chase too few fish 
Progress towards international 


ments on the control of fishing has heen 
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oe 


| | 


that far, there is a 
danger of other 
trawlers in the area 
cutting across the 
gear, which can re. 
sult in a lost net. 

To minimize this 
risk, two cones (ar 
more usually, a cran 
basket) are hoisted 
onthe forestay to 
warn other vessels, 


3 Fishing gear is 
under great strain 
when in use. On a 
deep-sea trawler. a 
single tow under full 
power can last as 
Jong as three hours, 
with the trawling gear 
streaming out as far 
as 1,600m (1 mile! 
from the ship. With 
the trawl extended 


CONNECTIONS 


1 Otter trawling 
is the most widely 
used technique 

of mass catching 
The method requires 
powerful engines to 
drag the net over 

the sea-bed where 
flatfish such as 
plaice and sole live 
While the most 
modern trawlers are 
designed to trawl 
from the stern, the 
side-fishing method 
‘S still extensive 
used. Side trawlers 
are all built to th 
same pattern, but 
their sizes are dic 
tated by the durations 
of their voyages. 

The warps (cables 
attached to the 
trawl) are led from 
steam-operated 
winches on the deck 
through rollers sus: 
pended in fram 
(known as gallows) 
sited on the side of 
the boat. The free 
board is low to make 
it easier to haul the 
catch inboard for 
cleaning and sorting 


2 The warps of an 
otter trawl are con. 
nected to otter 
boards - heavy steel 
or wooden panels 
that are linked to 
each wing of the net 
by bridles. When the 
net is under tow, 
the otter boards are 
forced apart. keeping 
the mouth of the net 
‘open horizontally, 
Fioats on the head 
line and bobbing 
(heavy rollers) on 
the ground line keep 
the net open ver 
tically. The underside 
or belly of the net 
is lined with hide 
‘chafers” to protect 
it from obstructions 
on the sea-bed. The 
tapered cod end of 
the net is secured 
by a rope that per 
mits quick release 
of the catch after 
t is hauled aboard, 


ntermittent and no effective. concerted farming techniques. A 


scheme for managing the oceans’ food stocks fish farming is becoming recognized, but it 


eady the potential of 


has been worked 


it will be many years before higher production 
Apart from the effc 


t to achieve direct, from such farms significantly increases the 


internation: ishing total world catch 


ly agreed controls on 
through catch 


ions, the best 


uotas and net-size regula Some nations are beginning to exploit fish 
hope of conserving fish stocks species that are not widely eaten now. In the 


lies in the establishment of wider territorial waters of the Antarctic. for instance. krill, a 
mits around national coastlines. Present shrimp-like creature that is the food of the 
moves to widen these limits will restrict the baleen whale, can be found in massive 


hly developed fishing nations. swarms and is 


racting trawlers to this 
g roaming fleets (mainly remote region. Although krill is plentiful, the 
Japanese. West European and question of how it is to be marketed has to be 


ican) are forced to accept catch limita- resolved. As well as finding ways to make 
tions within many of their traditional fishin | attractive as a food, experts are inves 
grounds the pattern of fishing will change. tigating the possibilities of using it as a feed 
Nations will restructure their fleets to con- for farmed fish and animals 

centrate their efforts within new limits, but Alternative species found in very deep 
the pressure they put on stocks within their water [9] also present a marketing problem. 


own waters will still need strict supervision. The unattractive appearance of some of these 
pecies tends to make them hard to sell. The 
profitability of catching them will probably 
measures are,an depend largely on their marketability in 


Finding new commercial speci 
Important as cons 


n trawling, like fish stocks is at 


rease in food production from the seaalso other forms and on a shortage of more t modern fisi risk. There are also 
8 methods, is so destructive side 

lepends on the marketing of species that familiar fish. but new commercial species Sineiont thatthe effects: trawi net 

ave previously been ignored and on could in turn be quickly overfished survival of some wreck the sea-bod 
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bottom nets kept 
open by a beam and ctx 
weighed down by a Eun 


mesh of heavy "| 198 


a 
na 


chains that drags 7 World catches of 


the sea-bed, dis- several major species 


Use of these nets decline in the 1960s 
is now restricted and ‘70s, Catches of 
anchoveta (used 
8 Fishing grounds size of catches that fishing will remain mainly as a feed) 
in many parts are taken, If re andthe International showed a particularly 
of the world are strictions are imposed Fisheries Commis spectacular fal 
affected by recent onthe size of fleets sion has done litte between 1971 and 
moves by many of nations seeking vetto protøctendan: 1973. During this 
ations with coast access to these zones gered species; inter- period. Peru's lead in 
ines to extend out major changes could national supervision fish production was 
to 320km (200 miles) be seen in present is of limited value vertaken by nation 
the zones in which patterns of fishing unless itis accepted such as Japan, activ 
they may contro|the The dangers of over- by all fishing nations. in the northwest Pacific 
8 BE inoustial fishing grounds Mill Subsistence fishing 


[sa e ea 8 
turbing its ecology of fish showed a 2 


and catch species 
that, although not 
eaten, are an integ 
i part of the 
cean’s food chain 


6 Large-scale com. 
mercial fishing is 
concentrated on 
relatively few 
species. Mainstays 
of the world catch 
have been anchoveta, 
herring, haddock, cod 
and sardine. Until 
1972, anchoveta pro: 
vided the largest 
atch. In 1970, the 
peak year, more tha 
13 million tonnes of 
anchoveta were 
anded. But in 1973 
the catch declined 

to just less than twe 
million tonnes, al 
hough in 1975 stocks 
showed signs of re- 
covery. Catches of 
Alaskan pollack have 
recently overtaken 
other major species. 


9 Some deep-water 
species have proved 
to be very palatable 
although their grue 
some appearance may 
deter some people 
from buying them, 
Fished at depths of 
800-1, 100m (2,600 
3,600ft), species such 
as the grenadier or 
rat-tail [A] and red 
director [B] could 
provide an alternative 
to familiar fish 

with depleted stocks. 


Fish farming 


In one form or another, man has been 
farming fish for more than 4.000 years but 
the development of scientific fish farming (or 
aquaculture) began only recently. It has 
come at a time when most of the major 
commercial fish species are either at or near 
the limit of their potential yield. 


Importance of aquaculture 
The total annual production from aquacul- 
ture is still more than five million tonnes. but 
is increasing as research and modern tech 
nology provide new techniques for the fish 
farmer. In some developing countries 
aquaculture is an important part of the 
economy, providing both food and work 

In terms of output China leads the world 
in fish farming. Estimates of production vary 
but it is well over two million tonnes annually 
~ about 40 per cent of China’s total fish and 
shellfish supply. Aquaculture is also impor 
tant in India and Indonesia. respectively pro- 
viding about 38 and 22 per cent of the fish 
eaten. The Soviet Union, India, the Philip 
pines, Thailand and Japan are also fish 
farming nations, In Europe and the United 


1 The edible mussel 
(Mytilus edulis) is 
cultivated on ropes 
hanging from stakes 
or similar struc 

tures driven into 
sea-beds (as here in 
northern France), or 
on ropes suspended 
from floating rafts (as 


in Spain and Britain). 
Both methods first 
involve the collec: 
tion by settlement 
of mussel seed” or 
‘spat. The "see 
may then be trans. 
ferred to farming 
areas free from pred. 
ators or pollution, 


States, much of the development in fish 
farming- apart from shellfish culture —has so 
far been concentrated on technological 
research rather than production 

Mangrove swamps, estuaries, lakes, fresh 
and salt water lagoons, shallow coastal waters 
and artificial ponds are all being utilized for 
fish farming. According to recent estimates 
about three million hectares (seven million 
acres) of water surface are under cultivation. 
Some experts believe this could be increased 
to 30 million hectares (70 million acres) in 
the foreseeable future and that world farmed 
fish production could reach 40 to 50 million 
tonnes by the year 2000. 

The choice of animals available to the fish 
farmer includes molluscs, crustacea and fin 
fish. Mollusc culture (mussels [1], oysters [2]. 
clams and so on) is well established, espe- 

ly in Europe. North America and Japan; 
and many countries have some method of 
oyster farming. The development of inten: 
sive hatchery systems during the last 40 years 
has made available mass rearing techniques 
for many molluse species. 

Farming of crustacea (which include 


2 Cultivation of 2 
the European “flat” 

oyster (Ostrea 

edulis) is one of 

the earliest ex. 

amples of aquacul 

ture, known since 

Roman times. It 
involves the collec: 

tion of larval 

animals, “spat” 
their subsequent 
Growth in protected 
tidal bays and estu 
aries. The sexually 
mature oyster [1] 
begins to spawn in 
the spring as the 
seawater temperatu 
rises. When a spawn: 
ing or spat fall 
occurs, the grower 
set down artificial 
Spat collectors in Q 
the water to which 

the tiny larval oy 
sters [2] can attach 
themselves. Around 
the Brittany coast of 
France spat collec 
tors are usually 
curved, lime-covered 
root tiles [3] stacked 
just clear of the se: 
bed at right-angles, to 
facilitate water circu 
lation [4]. The young 
(about 50to a tile) are 
left until winter when, 
as orange-coloured 
"seed oysters” [5] 
they are prised (6) 
from the tiles and 


and 


planted out in grow 
ing beds [7] or 
parcs” where they 
feed on microscopic 
particles brought in 
by the tides. Parcs 
may be protected by 
nets [8] to help 
prevent attack by 
predators. After 
about 18 months 

the beds are dredged 
and the oysters sent 
by barge to fatten. 


shrimps and prawns) [3] has developed more 
slowly and is mainly found as a serni-culture 
that makes use of the water in artificial ponds 
formed when rice fields are flooded. Mass 
rearing of shrimps or prawns for general sale 
has not yet been achieved, but almost cer- 
tainly will be in the near future 

Many species of freshwater fish can be 
farmed, with varying degrees of success 
These include carp, tilapia. catfish. trout [4 
salmon [5] and cels. The only salt-water fish 
farmed in any numbers are milklish and sca 
bream, although experiments are currently 
being carried out to increase the numbers of 
farmable marine fish to include the flatfish 
sole, turbot, halibut, plaice and bass 


‘Techniques employed in aquaculture 

Aquaculture techniques are many and 
varied, but fall into four categories. First the 
young animals can be reared through the 
most vulnerable stages of their lives for 
release into lakes or the sea, to supplement 
natural stocks (for example trout and stur- 
geon), A second method is to capture imma- 
ture wild fish and marine animals, Confined 


G 
ing grounds, aisoin ‘È 
the estuary. The 
oysters are allowed 
to grow for about 
five years, oach 
year adding a new 
layer to their shell 
19]. Then they are 
gathered from the 
estuary and, before 
marketing, laft for 
a few days in 
sterile seawater to 
cleanse them [10]. 


a 


Insulated room 
10 control 
temperature 


Biological liter 
column of gravel 
colonized by 

micro-organisms 


Pump 


[eration unit to move excess CO, 


nls, crabs 


and shrimps 


of prawns and 


shrimps can be reare 
under controlled 
environmental condi 
tions. Some fast- 


growing tropical 
prawn species are 
considered particu- 
larly suitable since 
they provide three 
or four crops a year. 
Eggs are obtained 
either from captive 
stock or from egg 
bearing females 
caught wild. Mass 
rearing techniques 


at a density of 
mè of tank 
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CONNECTIONS: 


See siso 


are used through the 
juvenile stages 

Then the young 
prawns are fattened 
in an enclosed circu- 
lation system, shown 
here, where water at 
a controlled tempera. 
ture is recycled by 
pumo through the 
rearing tank. Dan 
gerous toxic waste 
products excreted by 
the prawns must con: 
tinuously be removed 
by biological filters 
like those used for 
purifying sewage 


in enclosures, they may be left to forage for 
themselves or be provided with supplemen: 


d to this kind of 


tary feed. Those best adap 


ultivation include milkfish, mullet, shrimp. 
and mussels 

Third, ¢ 
incubated and farm-r 


In the sophisticated 


m wild parents can be 


gathered, ured to a 


marketable size most 


form of fish farming, eggs ure hatched and the 


young reared so that a growing brood stock is 


maintained. The operator therefore achieve 


Fish grow more rapidly in wa 
For this reason, some fish farms are sited neur 


power stations ay 


rm water 


d farmers can make use « 
the warm waste water from cooling tower 
a pollutant 
recycling process to accelerate growth rate 


previously regarded as in the 


of fish and shellfish, thus saving on heating 
costs. In the United States the effluent from a 
thermal power station has been put to good 
use in the rearing of molluscs and lobsters 
and in Britain flatfish have been grown in 


full control over the life cycle of the anim 


ls heated water from a nuclear power station 


ind may be able to breed them selectively Successes in catfish culture systems [Key] 
Trout, salmon. catfish, carp and oysters are and in farming the Atlantic salmon demon 
successfully farmed in this way strate the exciting possibilities for fish 

farming. However. many factors must be 


Technological developments considered, These include feed costs in rela. 


Although most fish farming is still based on tion to product value, disease control in 
techniques of partial culture, it isin the care- intensive systems. increasing costs where 
fully controlled intensive-reu system that labour-intensive methods are used and. for 


most technological developments are taking Some species, consumer resistance 


place. For example, closed-circuit water Looking ahead, however. fish farming 
recycling enables the farmers 10 remove will grow, spurred on by the over-fishing of 
waste products ~ mainly ammonia, ured and useful wild stocks in the sea and by the need Probably one of Copaan camel inoue 


the most impressive 
examples of indus: 
trial-scale fis 


of catfis 
seen here in Arkan 


sas It has achieved 


feed or waste solids ~ and return clean water 


for new sources of protein to feed the ever 


annual production 


to the rearing facility [3] increasing populations of the world 


5 The salmon is 

migratory: it must 
move from fresh to 
salt water. Salmon 
eggs are incubated 
and the young fish 


throughout 
arly life 
stages in fresh 
water. But when the 
important "smolt 
stage is reached 
they mu: 
ported tc 
where they are 
mally kept in 
ng pens. Here At 
lantic salmon (Salmo 
) are harvested 
from cages in 
Scottish sea loch 


6 Flatfish, part 
cularly turbot and 


Dover sole, have 
baean shown to be 
suitable for farming 
After being reared 
in a nursery they 
aro fattened in 
ages in 

tidal waters 


7 Two or more 
species of fish or 
shell 


reared together in a 
polyculture” system 


The shellfish may 
either be marketed 
of returned to the 
ys food 
for the fin fish 


TNitoger fornlizer 
produces algae nutriment 
for fil 


Minua too 
dw 


for both 
rand fi 


hieve complete con 


pna. 


arval fish) |5] ren 
bsorbed their 
acs they are 

transferred to th 
tank [B], Here the 


oved to the fish 
farm [C]. Water from 
a river is diverted 
by a dam [9] incor 
porating an eel 


y an outlet 
channel [13]. Fish are 
held in the second 

pond [14] up to two 
years old [16] and | 


trol over his stock 

throughout its life 
ycle. The hatchery 

process [A] involves 


teeding shellfish pec 
i = ; ) 
4 In trout farming and placed in an incu. fish are sufficiently fish up to one year old | 
the operator can bator and when the developed they are Water is returned to 4 
a 


yolk 


fry A 


as 


the removal of milt fry [6] are fed auto pass and fish ladder in the third 115) pet cy 
from male fish |1|and matically [7]andare {10}, and flows to antil they are three í -_* 
eggs from female Prevented from escap- the tanks byachannel years old or sexually ” 


fish [2]. The egg 
are fentifized (3, 4| 


ing by a perforated 
screen |8]. When the 


[11]. The first pond 
12] accommodates 


mature |17]. These 
are kept for breeding 
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Fish of ponds and rivers 


Rivers and other inland waters throughout 
the world support a rich and varied fish 
population, but it is chiefly in the Northern 
Hemisphere that freshwater fish are 
favoured as a popular source of food. This is 
probably due to the much larger areas of 
continental land mass in the Northern 
Hemisphere, which result in a greater and 
more varied distribution of fish in the inland 
waters of the northern temperate regions and 
even across the Arctic. 


Fish of northern and southern rivers 
All members of the salmon family -including 
trout, whitefish and char - are native to 
northern rivers; sturgeon inhabit rivers of 
North America although the species of this 
highly prized fish from which caviare is 
obtained is found in the rivers of the USSR 
and the Balkans and in coastal waters of the 
Black and Caspian Seas 

Apart from introduced species, these 
Popular freshwater fish are absent from most 
waters south of the Equator but many 
Southern Hemisphere rivers are inhabited by 
native species of good food value. The New 


1 Freshwater fishing 1 
ally con- 

sidered more of a 
sporting pastime 
than a serious 
commercial enter 
prise like sea fishing 
The range of species 
available to the fresh 
water angler is great 


Brown trout 
Salmo mutta 


Dolly Vardon trout 
Salvelinus mai 


Mirror carp 
Cyprinus carpio 


Burbot 
Lota Jota 


Zealand river whitebait, for example, which 
are the young of several Galaxiasspecies, are 
much appreciated delicacies; and the golden 
perch, also known as callop, is indigenous to 
Australian rivers where it is fished for its 
delicate flesh 

The perch family of northern waters is 
represented in the Southern Hemisphere by a 
similar freshwater family, the cichlids, widely 
distributed throughout Africa and most of 
South America. The cichlids are, confusingly 
known as bream in southern Africa, Many 
cichlids are popular aquarium fish. 

The carp family numbers more than 
1,500 species. Many of these are minute and 
of no culinary interest, but the mirror carp, 
which may weigh up to 6kg (151b), is highly 
valued in Continental European countries. 
The carp [3] inhabits rivers and ponds of 
Europe, Asia and North America 


The migratory eel 

Freshwater eels (zoologically related to the 
carps) have been valued for their rich flesh 
since ancient times. Eels are distributed 
throughout the temperate zones of the world, 


Lake trout 
Salvelinus namayaush 


Porch 


Atlantic salmon 
Salmo salar 


Porca Muvietils 


apart from South America and the west of 
North America. The European eel, like the 
salmon, is a migrant. It begins its life in the 
Sargasso Sea and drifts on the ocean currents 
towards European and American rivers 

Eels spend most of their young and adult 
lives in fresh waters, American eels are 
thought to return to the Sargasso Sea to 
spawn, after which they die. The Japanese 
eel, widely eaten in Japan, is similar to the 
European species. 

While eels migrate from their spawning 
grounds in the sea to spend their adult lives in 
fresh waters, the Japanese ayu does the 
opposite. It spawns in rivers of Japan and 
Korea where the currents are strong and the 
water temperature low. After mating the 
adult fish dies, The fry float on the currents 
down to the sea where the young fish remain 
Until sexually mature, At the age of about 18 
months, the ayu return to the rivers in order 
to spawn 

Freshwater food is not as abundant in the 
Northern Hemisphere as it once was. Many 
species have been almost destroyed by over- 
fishing or pollution: once prolific, the stur- 


Powan 


Coregonus elupeoides 


CT 


CONNECTIONS: 
See aiso 


Inconnu 
Stenodus mackonzii 


Coregonus vandes) 


Golden perch or caliop 
Plectropihes ombiguus 


er 


Lorge: 
Micropterus salmoides 


k bas 


Brook vout 
Salvelinus fontinalis 


geon is now so rare that its price puts it 
beyond the reach of most people 

The Atlantic salmon [Key], once very 
common in London's River Thames, was 
eliminated from these waters by 1870. Ithas, 
however, returned in recent years. A new 
hazard for this species has been the dis- 
covery, by Danish and Greenland fishermen 
of the salmon’s main feeding grounds in the 
Atlantic, not far from the coast of Greenland. 
Massive and indiscriminate netting of imma- 
ture salmon in these waters led to an outcry 
from land-based net fishermen and rod-and 
line anglers in the 1960s when catches 
declined. At the same time a fungal disease 
reduced the numbers of salmon still further. 


Game and coarse fishing 
Game fishing (fishing for trout and salmon) 
ind coarse fishing (angling for other fresh- 


water fish) are becoming increasingly 


popular, Game fish tend to be scarcer and 
therefore game fishing is more expensive 
than coarse fishing which is usually obtain- 
able in most local rivers, lakes and canals. 
Often coarse fish (which are not always easy 


Grayling 


Gwyniad 


European eet 
Anguita anguilla 


Thymaltus thymallus 


to cook or good to eat) are returned to the 
water after being caught and (in competi: 
tions) weighed, while the trout and salmon 
caught by the game fishermen are delicious to 
eat. Freshwater salmon can grow as heavy as 
16kg (401b) or more in European rivers 

Brown trout inhabit all kinds of fresh- 
water environments; the rainbow trout tends 
to prefer a still water home such as a lake or 
pond. Rainbow trout can thrive in certain 
river conditions and some brown trout 
occasionally adopt the habits of migrating 
salmon and swim down the rivers to estuaries 
where they manage to survive in briny condi- 
tions and can grow to very great weights: a 
6.5kg (14.51b) brown trout of this sort was 
caught in Scotland in 1956, Neither the 
salmon nor the trout (brown or rainbow) 
should be confused with the sea trout, which 
is sometimes wrongly called salmon, The sea 
trout is a cousin of the Atlantic salmon, 
sharing with the salmon the same life c 
being born in rivers and going out to sea to 
grow to maturity, But, unlike the salmon, the 
sea trout never swims far from the mouth of 
the river where it was born. 


Whitefish 
Coregonus so 


Roach 


Japanese ooi 
Anguita sp 


2 The carnivorous 
pike of the family 
Esocidae is one 

of the longest sur. 
viving species of fresh 
water fish, It inhabits 
rivers and lakes 
where it lives among 
dense colonies of 
water plants and 
weeds. Young pike, 
also known as jacks, 
live in shallow 
water, feeding on 
larvae and the fry 

of other fish. When 
the pike matures it 
moves into deeper 
water. The elongated, 
flecked body is cam 
ouflaged by the 
plants from which the 
pike darts out to 


Rutilus rutilus 


Al 


Key 


Bream 


attack and devour 
fish, waterfowl and 
‘even small mammals. 
One of the most 
vicious predators 

of fresh waters, 

the pike is equipped 
with a large and 
voracious mouth bear: 
ing backward-curving, 
sharp teeth from 
which no prey can 
escape once it is 
caught. The pike can 
grow to a length of 
1.4m (4.5ft) and 
attain a weight of 
21kg (461b). It is 
widely fished for 
sport and also for 
food as the firm, 
white flesh is greatly 
valued for its flavour. 


Ayu 


Abramis brama 


3 Carp originated 

in Asia and spread 
throughout the North: 
ern Hemisphere, 
Carp bones exca 

vated from Greek 
Stone Age sites estab. 
lish the importance of 
freshwater fish in 
prehistoric times 

The golden carp of 


The Atlantic salmon 
is born in fast 
flowing rivers. 

At this stage it is 
known as a fingerling 
and after two years 

it becomes a parr. 
Itjourneys down: 
river as a smolt, 
maturing in the estu- 
ary as a grilse before 
setting out to 

live in the ocean 

in an area from the 
Arctic southwards 

to latitude 40'N. 

The return migration 
from the Atlantic be: 
gins after four years 
when the salmon has 
reached its full matur- 
ity [A]. It may cross 
more than 4,800km 
(3,000 miles) of sea 
to reach its spawning 
grounds in the fresh. 
water of the very 
river [B] where it 
was born, After the 
laying and the 
fertilizing of the 
eggs the salmon 
usually dies, 


Plecoglossus ahivelis 


Tench 


Tinca tinca 


Japan symbolizes 
bravery inherent in 
the carp's struggle 
to spawn upstream. 
Itis popularly 
believed that by 
eating carp this 
strength can be 
passed on to man 
it is reared for 
food and ornament. 
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Fish of the ocean deeps 


Rich in protein, and in some cases more 
easily obtained than meat animals, fish have 
for centuries formed part of the diet of many 
peoples, More recently fish have been pro- 
cessed as feedstuffs for animals. The fish of 
the seas are not, however, merely a supply of 
nourishment for man; on an even larger scale 
they provide food for each other. Many of the 
species of fish that are caught by man for food 
or for processing are part of natural food 
cycles in the oceans, They may be predators 
that feed on smaller fish, and may in turn be 
devoured by even larger fish, 

Man has fished the shallow margins of the 
seas from the earliest times, but not until he 
found methods of preserving catches did 
deep-sea fishing, using ocean going ships, get 
under way. Various nineteenth-century 
developments included the large-scale 
building of trawlers, the introduction of 
railway transport from fishing ports to inland 


cities, and the establishment of canning fac 
tories. Today the fleets of trawlers that fish 
the grounds off Greenland, Newfoundland 
and Japan for months at a time are floating 
factories with deep-freeze equipment 


4 Rod mullet 
Mullus barbatus 


7 Bluetin tuna 
Thunnus thynnus 


10 Red bream 
Diplodus sargus 
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The scientifically developed fishing 
methods and the casier (and different) means 
of preserving catches and transporting them 
today ~ leading to overfishing in many a 
have caused the fishing industry to become 
an international rather than a national con- 
cern. In spite of the prolific breeding habits of 
marine fish, indiscriminate fishing of some 
established grounds has led to a falling 
Population in some species, and action is now 
being taken on an international scale to 
safeguard the inhabitants of the oceans. 


Cold northern waters 
Fewer species of fish inhabit the colder 
waters of the North Atlantic than the warmer 
Mediterranean and Pacific areas, But these 
fish, particularly the herring [8] and the 
members of the cod family, are caught in vast 
quantities, A female herring is less fertile 
than a female cod but still lays about $0,000 
eggs cach year. The herring population is 
held in check by other fish which feed on the 
numerous eggs. In spite of this, a large 
Proportion of the eggs survive and develop 
through various stages to the mature herrings 


11 Oceanic bonito 
Katsuwonus pelamis 


3 Cod 


that are fished for throughout the year by 
fleets following their migrations. 

The herring is among the most nutritious 
of all fish. In addition to protein, it contains 
vitamins A and D as well as minerals such as 
iron and calcium. It is marketed fresh or 
frozen, salted, cured, smoked, canned and 
pickled, and some people regard fresh or 
canned herring roes as a delicacy 

Cod [3] is another important species for 
the fishing industry of northern Europe. A 
related species lives in the North Pacific but 
most commercial cod fishing is confined to 
deep cold waters, such as those of the north- 
cast and northwest Atlantic. For some 
nations, the cost involved in reaching such 
far-off fishing grounds has in recent years 
made cod an expensive food fish, although it 
is still cheaper than its close but less abundant 
relative the haddock [20]. Dogfish [18] 
halibut [13] and saithe (also known as the 
pollack or pollock) are other species of fish 
found in cold 

Skate [2] and whiting [9] are also fish of 
cold waters, although they do not inhabit the 
extreme North Atlantic. Farther south ~ as 


as. 


Gadus morhua 


6 Swordtish 
Xiphias gladius 


8 Hering 


Clupea harengus 


9 Whiting 
Gadus merlangus 


12 Turbot 
Scophthalmus maximus 


CONNECTIONS 


See aiso 


far as the African coast ~ John Dory [14], 
mackerel [15] (related to the tuna), sole [17] 
and turbot [12] are the most important 


Mediterranean waters 
‘The temperate Mediterranean Sea supports 
numerous species of fish. Several types of sea 
bream [10] are caught for their delicate flesh, 
along with sardines and anchovies 

The red mullet [4], known in France as 
rouget, is considered by many to be a 
Mediterranean speciality and was in classical 
times as expensive as Scottish salmon is 
today. The name “red mullet” is often given 
to another Mediterranean fish, the gurnet or 
gurnard, which while similar in colouring has 
coarser flesh 

The true red mullet can also be found in 
parts of the Atlantic off southern England 
and the southern United States. The goatfish, 
abundant in the Indian and Pacific Oce: 
related to the red mullet 

The ugly angler-fish is regarded as a deli- 
cacy in Venice and used as the main ingr 
dient of coda di rospa. It is also one of the 
components of a Marseilles bouillabaisse. 


13 Halibut 
Hippoglossus hippoglossus 


15 Mackerel 
Scomber scomber 


16 Res 


appar 


Lutianus compochanus 


18 Dogtish 
Scyliorhinus caniculus 


Yet another plentiful fish of the 
Mediterranean Sea is the silvery bass, a 
similar species of which is found off the 
shores of the United States. Swordfish [6] 
and tuna (tunny) are frequently caught 
during the summer months in Mediterranean 
waters, although their breeding grounds are 
located in warmer seas, 


Fish of tropical waters 

Both the bluefin [7] and bonito [11] tuna 
belong to warm oceans, but many related 
species inhabit the Mediterranean Sea and 
South Atlantic Ocean (although they are 
rarely sighted north of the Bay of Biscay). 
The swordfish has a similar distribution 
pattern. 

The red snapper [16] is a native of the 
Gulf of Mexico whereas the croaker [19] lives 
off the coasts of the southern United States, 
Like many other sea fish that live in similar 
conditions, the croaker is known throughout 
the world but by different names. In South 
Africa it is the kabeljou (from the Dutch 
name for cod) and in Australia it is the mul 
loway or jewfish 


14 John Dory 


17 Sole Soles vulgaris 


19 Croakor 
Micropogon undulatos 


20 Haddock 
Melanogrammus aeglefinus 


Key 


Trawlers range 
and wide in their 
search for fish, 

using technological aids 
such as echo-location, 
Consumer demand 

can lead to interna 
tional incidents: as 
catches fall off, traw- 
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21 The adult herring 
at three years of age 
has matured through 
a series of stages, all 
of which are used by 
man as food. Adult 
herrings |A] are sold 
fresh or salted, 
cured whole (as bloat 
ers, bucklings and 
kippers) and pickled 
as fillets (matjes 

and rollmop herrings). 
Soft and hard roes 
are sometimes sold 
fresh but are usually 


22 Tora tugu 
Fugu rubripes rubripes 


22 The Japanese 
puffer fish is poison- 
‘ous like other species 


Ba. 


ler go farther afield, 
invading” seas that 
are claimed as the 
exclusive territory of 
other nations. Re- 
cently, many coastal 
countries have ex 
tended their national 
limits in order to con: 


ee 


serve remaining fish 
stocks, and “fish 
wars”, with damage to 
nets and ships, have 
been common. The 
So-called “cod war 
between Britain and 
Iceland in the mid: 
1970s was typical 


canned. Pilchards [B] 
may be found fresh 
locally but are mainly 
used for canning; 
sardines [C] now ap: 
pear fresh but many 
people think their 
flavour becomes more 
pronounced after can 
ning in oil or tom- 
ato, either whole, 
skinned or boned. 
Young herring |D} 
may be smoked whole 
but are more usually 
sold as whitebait, 


of putters and blow. 
fish, Although poison 
from a badly prepared 


Sprats IE], also known 
as brislings, may be 
lightly smoked before 
being canned in oil 

or a piquant sauce. 
The tiny anchovi 
fried whole when 
freshly caught by 
Italian fishermen 
are also exported as 
pastes, concentrated 
sauces, or as fillets 
salted and dried or 
canned in oil, some: 
times stuffed with 
olives or pimentos. 


IF} 


putter fish can be fatal, 
the flesh is delicate, 
appetizing and per 
fectly sate once the 
harmful liver and 
ovaries are removed 
competently, Indeed 
the puffer fish 

is regarded as a 
gourmets choice in 
a country which 
abounds with a var- 
iety of tropical sea. 
food, including tuna, 
ayu (sweet fish), 
carp and squid. They 
are often served 
fresh in slivers and 
eaten raw. Puffer fish 
may be one of the 
dishes in a Western 
style hors d'oeuvres. 
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Shellfish and other seafoods 


Coastal and inland waters the world over are 
inhabited not only by fish but also by 
numerous other creatures that have become 
an increasingly important source of food 
Among these sea creatures are the highly 
prized shellfish, easily obtained when un- 
covered at low tide or when washed up on to 
beaches and the banks of estuaries. 

Shellfish fall into two separate categories 
the crustaceans with jointed shells, which 
include lobsters [1], shrimps [5]. crawfish and 
crabs [1]; and the molluscs such as mussels, 
oysters, clams and cockles [2] and squid [Key 
D] and octopus 

Today a steadily rising demand coupled 
with limited or falling supply has led to 
increasing prices for all types of shellfish in 
Europe and North America, where lobsters 
shrimps and oysters have become luxury 
foods. The traditional American clambake 
has now become an expensive feast 


King of the shellfish 

Many gastronomes consider that as salmon is 
the king of fish, so lobster is supreme among 
the crustaceans. There are two main types of 


1 Crustaceans are 1 
more often regarded 

as delicacies than as 
constituents of a staple 
diet. The lobster 

is generally regarded 

as the king of the 
crustaceans because 

of Its delicious 

flesh and relative 

scarcity ("lobster 

farming” has been 
established in the 

USA and France) 

The edible crab 

is found in great num- 
bers below low-water 
mark in the Northern 
Hemisphere and is 

a comparatively easy 
animal to harvest. 


Norway lobster 
Nephrops norvegicus 


The Norway lobster 
or Dublin Bay 

prawn is related to 
the lobster and caught 
by trawi nets in the 
north Atlantic. This 
creature is usually 
marketed as “scampi 
The crawfish or 

spiny lobster is a 


salt-water creature 
related to the fresh- 
water crayfish. Most 
freshwater species 
are found in the 
North American 
continent and their 
flesh may also be 
marketed under the 
name of “scampi 


lobster — the larger Homarus americanus, 
which lives off the eastern coast of the United 
States (chiefly in the area of Maine in New 
England) and the lobster of European 
waters, Homarus vulgaris. The American 
species is dark green when alive, whereas the 
European lobster is dark blue 

Lobsters are caught alive in “pots. These 
are actually wooden or metal cages baited 
with food. The lobster can enter easily, but 
once inside cannot escape. The pots are 
weighted down on the sea-bed with rocks or 
stones and attached to a float on the surface 
to mark their location. The spectacular 
appearance, the delicious white, firm flesh 
and the scarcity of lobster combine to make 
this shellfish one of the most prized of all food 
delicacies. The female lobster is generally 
preferred to the male, partly because it has a 
larger body, with more tender flesh, and 
partly because of the eggs (known as coral) 
that are carried in the tail and are considered 
an added delicacy 

The crawfish or crayfish, sometimes also 
called rock or spiny lobster, resembles the 
true lobster, but its colour is greeny-brown 


Edible crab 


Cancer pagurus 


and it lacks the prominent claws. The meat is 
contained in the large, fan-shaped tail. Craw 
fish are larger and heavier than lobsters and 
their flesh is sometimes more tender. Fresh- 
water species predominate in the USA. The 
main sea catches come from the Atlantic and 
the Mediterranean, but a related species, the 
Martinique lobster, abounds in the western 
Indian Ocean and the Caribbean Sea. The 
Florida crawfish, which is also found in the 
Pacific, although smaller than its other rela 
tives, is said to be of superior quality 


Oysters and crabs 

Oysters have been eaten since the earliest 
times. They were certainly known to the 
ancient Greeks, who used the shells to cast 
votes at elections, The Romans sup- 
plemented local supplies by importing oys- 
ters from Britain, Until the mid-nineteenth 
century oysters were commonplace fare in 
some areas, Where they were used as ingre- 
dients in peasant cooking until the seemingly 
inexhaustible oyster beds were badly 
depleted. Since then, the price of oysters has 
risen astronomically. Most of the oysters 


CONNECTIONS: 


Lobster Homarus vulgaris 


Crawtish 
Palinurus vulgaris 


marketed today come from protected beds 
and undersea farms established round parts 
of Europe. the USA, Japan and Australasia 
Oysters are valued more for their flavour or 
rarity than for any particular food content. 
The clam is similar to the oyster and is 
extremely popular in North America, where 
it may be served and eaten raw. It is also 
cooked in traditional New England chow- 
ders. Crabs, on the other hand, are so abun- 
dant in all seas that they have remained 
among the cheapest of shellfish. The Kam- 
chatka [4], also known as the Japanese crab, 
is larger than the European species and, like 
the giant Tasmanian crab, commands higher 
prices because of its comparative rarity. 
Mussels are even more common than crabs 
and are much used in Mediterranean cuisines. 
Other less expensive shellfish include cockles, 
whelks and winkles [2], popular on stalls at the 
seaside and in some street markets in Britain 


Squid, octopus and sea-urchin 
In northern Europe and North America 
there is little demand for molluscs of the 
cephalopod order, which include cuttlefish, 


2 


Scallop 
Pocton maximus 


Frilly clam 
Tridacna squamosa 


2 Bivalves and gast- 
ropods are the most 
important molluscs 
to be harvested. Thoy 
are mostly found in 
shallow coastal 
waters and are quite 
easily collected. 


as emblems by the 
pilgrims to the church 
of St James of Com- 
postela; in France 
the scallop is known 
as the pilgrim shell 
or Coquilles Saint 
Jacques. Oysters, 


Scallop shells once a cheap sea- 
have been usedas food, are today one 
decorative embellish- of the most expensive 


ments since Roman 
times and were taken 


luxury foods, often 
eaten raw and on ice 


4 


squid and octopus. These are all tentacled, 
rather ugly-looking creatures, distinguished 
by the ink sac placed near the heart, From 
this sac they squirt a dark fluid into the water 
in order to confuse pursuers, But around the 
Mediterranean, squid and cuttlefish are 
highly valued specialities: cuttlefish is also 
among the national dishes of China, Japan 
and some of the Pacific islands. 

Octopus is popular in Greece and Cyprus 
where dried and grilled pieces of the tentacles 
are served as appetizers with pre-dinner 
drinks (the tentacles of squid are used for the 
same purpose in Italy), The flesh of octopus is 
extremely dry and tough and must be beaten 
to break down the tough fibres before it is 
cooked for eating 

Sea-urchins are spine-covered marine 
animals that cling to rocks in warm waters 
such as those of the South Pacific. The long, 
sharp, movable spines stick out from a hard 
lime shell that protects the soft body inside. 
Popularly known as sea eggs, the urchins are 
a speciality of Marseille. They are cut open, 
cleaned and served raw with fingers of bread 
to dip into the yellow “yolk” of the shells. 


Cockle Cardium edule 


with lemon and brown be eaten raw, although 
bread, usually during they are more often 
winter. Thecommon marketed already 
‘mussel is an inex- cooked and shelled, 
pensive shellfish, par-  Whelks are also 
ticularly appreciated sold cooked and 

in French and Span- shelled and are trad- 
ish cooking as the itionally eaten with 
basis forsoupsand vinegar and brown 
stews. Cockles buttered bread; they 
are popularlyknown are also used as fish 
asthe poor man'soy- bait. Many species of 
ster andlikethem may clam may be eaten 


4 Kamchatka crab 
is caught in the 
muddy waters and 
sand banks of the 
North Pacific. 

The meat is chiefly 
used in the canning 
industry ona 

largo scale and is 
usually marketed by 
American firms under 
the name “king crab” 


5A 


Si. 


Winkle 
Littorina littorea 


key 


Common mussel 
Mytilus edulis 


Whelk Buceinum undatum 


raw, or alternatively 
can be grilled or 

used in any of the 
well-known American 
clam recipes. 


relatives of whelks; 
they may be eaten raw 
or cooked. A long 

pin is needed to ex- 
tract the flesh from 
the spiral shell 


edible molluscs are 
the bivalves, such as 
the scallop [B], which 
have a pair of hinged 
shells containing the 
edible flesh, Gastro- 
pods like the whelk 
[C] are molluscs with 
asingle shell. The 


seafood is found in 
most of the world's 
oceans. Shellfish 
varieties include the 
crustaceans and the 
molluscs. A typical 
crustacean is the 
edible crab [A]. When 
the animal is cooked 


open and the flesh 
inside is eaten. 
The most important 


flesh is extracted 
through the aperture, 
Cephalopods, the tent- 
acied molluscs such 
as the squid [D], usu 
ally have no shell and 
there is little wastage. 


3 The soa turtle |A] 
is a marine reptile 
that is rated as 

one of the world's 
delicacies, It lives 
offshore in warm 
waters such as in the 
Pacific, but comes 
hore to lay eggs. 
Turtles are exported 
from Australia, 
South America and 
Africa, but the 

finest come from the 
West indian islands 
and are used in the 
famous turtle soup. 
Sea fig IB] or figue 
de meris a sea squirt. 
a primitive creature 
which, after a free: 


swimming larval 
stage, settles to a sed. 
entary existence on 
rocks near the shore 
Itis gathered and 
eaten at its adult 
stage and despite its 
leathery covering it is 
considered a delicacy 
in France. Sea 
cucumber [C] is an 
elongated relative of 
the starfish, About 
two dozen species are 
harvested in the 
Indian and Pacific 
Oceans where a food 
product, béche-de- 
mer. is prepared trom 
the body wall 

of the animal 


5 Many less walt. 
known crustaceans: 
are edible and the 


for excellent soups. 
The mantis shrimp. 
[Allivesin shallow 


two Mediterranean water and has an 
examples shown here average length of 
can provide the base 20cm (Bin), Large 

d specimens of the 


creature known in 
France as petite 
cigale |B] may be 
prepared and served 
like lobsters. 
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Food preservation 


Almost all food, whether plant or animal in 
origin, is prone to deterioration and eventual 
decay. If it is not properly preserved, it soon 
begins to dry out, bacteria and moulds start to 
grow, fats begin to oxidize and turn rancid. 
and enzymes within the food cause tissues to 
break down. 

The rate at which food decays depends on 
its composition and on where it is stored, Soft 
berries, shellfish and milk all begin to spoil 
within a few hours. On the other hand choco- 
late, root crops and nuts will usually keep for 
weeks without any special precautions for 
storage, Food that is kept in cool, dry condi 
tions keeps much longer than food stored in 
warm, humid surroundings. 


Methods of preservation 

The practice of preserving food has been 
known since ancient times, One of the car 
liest methods was to dry food in the sun [2] or 
beside a fire, thereby evaporating much of its 
water content and reducing the rate at which 
chemical and biological processes of 
decomposition (which are water-dependent) 
make it unfit to eat. An adaptation of drying 


1 Fresh meat and 
vegetables were for 
merly not available 
during long sailing 
voyages. Before the 
vention of canning, 
travellers had to eat 
dried, smoked or 
pickled foods. Salted 
beef was a staple in 
the seafaring diet. 
Slabs of boef were 
packed in dry salt 

or a saline brine 
inside large wooden 
casks. In general 

a salt solution of 
10-15% was effective 
in preserving the 
meat throughout 

a long voyage. 


5 Ice houses were 5 
traditionally used 

to store perishable 
meats and dairy pro: 
ducts for short 
periods. Food that 
is merely chilled, at 
°C (40"F), instead 
of being frozen, will 
deteriorate, but at a 
slower rate than 
normal. It ìs poss- 
ible to keep food 

for up to two weeks 
in this fashion, 
espocially if insu. 
lating material such 
as sawdust is packed 
around it. Vegetables 
and fruits with 

high water con- 
tents keep less 

well than meat 
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is smoking [3]; the chemicals in the smoke 
greatly increase the storage life of foods. 
Drying and smoking are widely employed, 
especially among nomadic peoples for whom 
dried meat and cured cheese are staple foods 

Salt [1] has been used as a preservative for 
thousands of years, It extends the storage life 
of foods by inhibiting the growth of bacteria. 
Salt and spices are both used to make food 
more palatable 

Almost all agricultural societies are 
familiar with fermentation and its preserva- 
live effects, The chemical products, alcohol, 
acetic acid and sometimes lactic acid, that are 
formed during fermentation limit the growth 
of decay-causing organisms. A similar pro- 
cess is that of pickling in vinegar. alcohol or 
brine [4]. Foods that are placed in baths of 
brine or some fermented liquid absorb the 
liquid and, as a result, become virtually 
immune to decomposition. 

One of the major modern methods of 
food preservation is canning [6]. Although 
the principle of heat-treating food to destroy 
the pathogens (disease-carrying organisms) 
was explained by the French scientist Louis 


2 The risk of spoil- 
age is greatly dim: 
inished in food that 
is dried, as most 
micro-organisms and 
processes of decom: 
position require the 
presence of moisture. 
Dried meat, or pem. 
mican, is eaten by 
nomadic peoples. A 
traditional method 
of drying is by ex 
posing fish, meat or 
fruit to the sun and 
wind, In Norway 
gutted fish are sliced 
open and then placed 
flat upon large 
drying racks angled 
to face the sun, 


3 Preservation by 
smoking is an age- 
old technique used 
to cure meat, fish 
and cheese, Smoking 
serves to dehydrate 
food and to coat its 
surface with chemi: 
cals that retard de- 
composition and in- 
hibit the growth of 
moulds and bacteria 
Ina typical smoke 
room the food is 
hung by hooks from 
the ceiling and the 
floor covered with a 
smouldering layer of 
sawdust, A smoking 
lasts for 24 hours 
behind sealed doors, 


6 Canning is the 
process in which 
food is placed in, 
containers (tradi: 
tionally tin-lined 
steel, but today 
often plastic-lined 
aluminium cans), 
heated to 115°C 
(240°F) and then 
sealed under a 
vacuum. A brief heat 
ing of the can kilis 
off any bacteria 

that cause decay or 
that might otherwise 
contaminate the food, 
Modern canning 
machinery will sort, 
wash, cook and can 
foods fully auto- 
‘matically, producing 
many cans a minute. 


Pasteur (1822-95) in the mid-1800s, the art 
of canning had already been discovered. In 
1809, after 14 years of experiment, the 
Frenchman Nicolas Appert (1749-1841) 
found that certain foods would keep for 
months at room temperature if they were first 
sealed in glass bottles and then heated in 
boiling water. In the following year the same 
process was carried out using steel cans, Can- 
ning was a tedious process at first because it 
required up to five hours’ heating 

Today, canning is generally an automatic 
process during which raw food is washed, 
sorted, cooked, canned and packaged by 
machine. Heat treatment of the can takes 
little more than half an hour and even less if 
foods are acid, salty or contain preservatives. 
Canning is a good means of preserving the 
food's nutritional value. 


Refrigeration and freezing 

Other common methods of food preservation 
are cooling and freezing, based on the prin- 
ciple that biochemical processes gradually 
come toa halt at low temperatures, Cooling is 
an ideal way of preserving the freshness of 


CONNECTIONS 


See aiso 


4 In pickling, a salt 
solution (brine) con- 
trols the changes that 
the food undergoes 
Instoad of decay 
taking place, fermen 
tation occurs within 
the food tissues 

and produces acids 
that act as preserva- 
tives. Pickled foods 
may remain edible 
for many months, 
Today pickling is 
more important as a 
flavouring process, 
Fruit may be pre: 
served by bottling in 
sugar syrup or by 
cooking with 

sugar to make jam. 


food [5]. As early as 250 BC in India and 
Egypt, food containers were wrapped in wet 
rags. The heat loss due to the water's 
evaporation was an efficient cooling tech- 
nique. Long before this, however, cellars and 
caves were being used as storage rooms for 
food, and inhabitants of cold regions have 
always been familiar with freezing tech- 
niques, Even the process of freeze-drying [7], 
involving dehydrating and freezing, was 
known to some ancient peoples. 

Food will keep fresh it it is stored in a 
cool, dry place. Below 4°C (40°F) most fruits 
and vegetables will keep for up to a week 
Freezing denies water to micro-organisms, 
bringing their growth to a standstill although 
not necessarily killing them in the process, 
They are revived when the food is again 
thawed out 

If food is frozen gradually as in a domestic 
freezer, large slivers of ice form within it 
These crystals rupture the cell tissue so that 
the food loses its moisture and texture when 
it is thawed out, The flavour and texture of 
delicate fruits and vegetables can be altered 
by slow freezing 


7 Many new food- 7 
preserving methods 
have greatly extended 
the storage life and 
transportability of 
foodstuffs. Apart from 
chemical preserva- 
tives, foods 
now kept fe 
deep freezing or 
freeze-drying. Milk 
and canned foods are 
pasteurized to de- 
stroy bacterial or- 
ganisms. Irradiation 
has the same effect 
as heat treatment; 

5 million radiation 
units (rads) kill most 
bacteria without 
affecting the food. 


Cooked instant 
mashed potato 


Condensed soup 


Diluted and heated soup 


A range of sulphates and benzoates are 
common preservatives. In small amounts, 
under 0.1 per cent, they check the growth of 
bacteria, mouldsand yeasts. In addition some 
foods are treated with anti-oxidants such as 
ascorbic acid, and with bleaching chemicals, 
neutralizers and stabilizers to preserve their 
“garden fresh” appearance 


Recent progress 
A fairly recent process of food treatment 
uses irradiation techniques [7]. Although 
complete sterilization by this method 
requires doses of radiation so high that food 
tissues are destroyed, lower pasteurizing 
doses are extremely effective in killing many 
organisms and halting sprouting, 
In the past 200 years, great strides have 
been made in the techniques of food 
preservation. In recent years it has become 
possible for consumers in most parts of the 
world to obtain meat, vegetables and fruit in 
“fresh” condition although they may have 
been grown on the other side of the world and 
stored for weeks or even months before being 
eaten [Key] 


Yj Postourized 


Key 


The larder and retri- 
gerator in the average 
household contains 
foods from almost 


every corner ofthe 
globe. Modern possible to: 
methods of prosorv- fruit and vege: 

ing and packaging tables all year round. 


food have mac 


Tinned carrots 


Heated tinned carrots 


Inadiated milk 
keeps for months 


diated potato 
‘will not sprout 
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The future of food 


In his Essay on the Principle of Population 
published in 1798, Thomas Malthus 
(1766-1834) put forward the idea that the 
human population was growing faster than 
the supplies of food needed to keep it alive 
He concluded that if population were per- 
mitted to increase unchecked a food crisis 
would eventually result and war and disea 
would reduce the population to a level 
compatible with existing food supplies [9] 

To date, the crisis that Malthus predicted 
has not materialized, In spite of several 
serious famines in the last 200 years and the 
persistence of widespread malnutrition, 
people of affluent countries are better 
nourished today than ever before 


Why Malthus was wrong 

Malthus was wrong because he could not pos- 
sibly foresee the dramatic changes that would 
greatly increase man's ability to produce 
more food. The first of these changes began 
with the rapid expansion in agricultural land 
that occurred when vast areas of fertile land 
were opened up in North America, Australia 
and, to a lesser extent, South America during 


1970 
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the nineteenth century. The invention of the 
steam engine, and later the discovery of the 
principles of refrigeration, enabled the pro- 
duce grown on those continents to be shipped 
to the newly industrialized nations in Europe 
thus greatly increasing their food supplies. 

Perhaps more important were the scien- 
tific advances that eventually led to man's 
being able to grow more food from each hec 
tare of land. In 1840, Baron Justus von 
Liebig (1803-73) discovered that man could 
replace the nutrients extracted by crops from 
the land, This important discovery led to the 
development of the fertilizer industry and to 
the eventual widespread use of inorganic fer 
tilizers by farmers. Another major advance 
was the discovery by Gregor Mendel 
(1822-84) of the laws of inheritance (how 
characteristics are passed from parents to 
offspring). The growth in the knowledge of 
genetics that followed eventually led to its 
practical application, New, higher-yielding 
crops were bred [5], as were increasingly 
productive livestock [4] 

These and other developments such as 
the discovery of chemical pesticides enabled 


3 Marine food 
resources contribute 
significantly to the 
world’s food supplies, 
but their contribu- 
tion could be further 
increased if they 


were properly man: 


‘aged. The oceans 
total potential of fish 
is 120 million tonnes 
per year, but in 1974 
only 50% of that 


Human consumption 


intial was being 
lized. In 1950 
the world catch 
totalled 21 million 
tonnes; in 1970 


nearly 70 million 
tonnes, However, 
since 1970 the catch 


man to grow more food on the land. At the 
same time he began to look more and more to 
the sea as a source of food. The sea-going 
trawlers, together with the development of 
mechanical refrigerating machines, meant 
that people living away from the coast could 
purchase and eat fresh fish [3] 


Food for the future 
Population projections suggest that a great 
effort will have to be made over the next 50 
years if widespread starvation is to be 
avoided. The United Nations predicts that by 
AD 2000 there will be a total of about 6,500 
million mouths to feed. How can we make 
sure they will all be satisfied? 

Obviously. food production is going to 
have to increase above its current level, Fol- 
Jowing the conventional approach, this might 
possibly be done either by bringing more land 
under cultivation or by further intensifying 
production on land already being cultivated, 
or by doing both these things. Unfortunately, 
this approach presents several problems 
Most of the best agricultural land in the world 
is already under cultivation. To bring the 


1 Potential arable 2 
land of 1,500 mil 

lion hectares (4,000 
million acres) is as yet 
unexploited. The most 
fertile land has long 
been under cultivation 
and what remains is 
marginal land where 
the cost of bringing 
itinto production is 
high. Once in produc 
tion, this new land 
will only with difficulty 
produce high crop 
yields because of 

the severe limita 
tions imposed by 

soil fertility, topo- 
graphy and adverse 
climatic conditions. 


2 Intensitying pro- 
duction by incre: 
the use of artificial 
fertilizers may ini 
ally increase total 
food production, but 
there are limits to 

the ability of the 

crop to respond to 
higher levels of inputs 


ing 


and several nations 
are proposing an ex- 
tension of the exist 
ing 19km (12 mite) 
cause of the disap- limit to 320km (200 
pearance of the anch- miles), Despite 
ovies (used in large overfishing there 
Quantities for animal still remain regions 
feed) off the coast ‘such as the Indian 
of Peru in 1972, Con- Ocean that have not 
flict over fishing yet been exploited 
rights is increasing for their food stocks. 


result of overfishing 
the commercial table 
species and also be- 


pg 


CONNECTIONS: 
See aiso 


No fertiizer applied 


Aino fertilizer applied 


Too much fertilizer applied 


4 The beefalo is an 
experimental hybrid 
of American buffalo 
and a domestic beat 
animal. it can convert 
grass and other 
roughage to m 
better than con. 
ventional beet breeds, 
and may help to 
Increase world 

food production. 


t 


remaining 1.5 thousand million hectares (4 
thousand million acres) of potential agricul 
tural land into production may prove costly 
{1}. Much of this land is found in tropical 
areas such as the Amazon and Congo basins. 


which are currently covered with thick 
jungle. If the protective canopy of trees were 
indiscriminately removed and the land 


ploughed 


rainy would soon 


p to grow crops. heavy tropic 
transform the 
laterite (a soil rich in and 
aluminium oxides but devoid of mineral nu 
trients such as potassium and nitrates). 

The use of higher levels of inputs such as 
uld be limited by their availa 
bility and cost |2]. Because of the law of 
diminishing returns, higher applications of 
fertilizer do not result in correspondingly 
higher yield: 
fertilizer 


soils into 
barren 


iron 


fertilizers w 


Consequently, unless increased 


production were earmarked for 


land that currently receives very little fer 
tilizer (and most of this land is found in the 


e could result in 


developing world), its u 


more expensive 


food. In 


addition. the 


application of more fertilizer could lead to 


5 Opaque 2 


Tyrosine 453. 


Leucine 977 


Other amino acids 1627- 


5 High protein grains 
could improve nu 
trition, particularly 
in the poorer nations 
of the world where 
grain is a major 
source of protein 

The development of 
Opaque 2 varieties of 
maize has already in- 


olution of water supplies 


Ordinary maize 


1485 


Milligrams per 
1009 maize 
reased the effective 
protein yield of th 
varieties 25 per cent 
above that of ordi 
nary maize. This has 
become possible 
because of the higher 
lysine and tryptophan 
content of the 
Opaque 2 varieties 


7 New foods that 
make use of crops not 
generally eaten by 
people in the Western 
world are being devel 
oped. One is textured 
vegetable protein 
(TVP) made from 

soya bean Protein 
may be extracted from 
leaves to feed animals 
and. possibly, hur 


8 New animal feeds 
are being developed 
by the growing of 
bacteria and yeasts 
on hydrocarbons and 
algae and fungi on 
organic waste. This 
could release 
considerable 
quantities af high: 
protein products for 


human consumption 


Given the population projections and the 


limitations imposed on increasing food sup 


plies by conventional methods it appears that 6600 m 
continued efforts including novel approaches 
must be adopted 


Simultaneous attacks on the problem 

It is important 10 work simultaneously on 

three fronts: to increase food production: to 197 
improve the global distribution of food sup: 32% in use 


plies; and, finally, to limit the growth in perpers 
demand for food by curbing the expansion in 
the world’s population 

An increase in food production requires 


both conventional and non-conventional 
methods. — Non-conventional method 
include the development of new crops: ani 


mals and foods. If the increased food produe 
tion is to benefit the world as a whole. then its 


distribution must be improved from the pre 


sent situation in which about 33 per cent of 
the world’s population cats much more than Werld food produc: eaa MaA 
half the food. Initially this can best be done tion has increased the same. This was potential cropland will 


tion occurs primarily in the developing area of potential easel and {ood to support the 
nations of the world cropland under culti rtilizers By 1990, increased population 
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i S e; ir 


Hippopotamus (Hippopotamus amphibius) 
Sarga antelope 


(Saiga tatarica) 


9 


(Cervus elaphus) 


Eland (Taurotregus oryx) 


À 


6 Protection and 
sensible culling of 
wildlife stocks en 
able species to thrive 
and at the same 
time provide meat 
In Ugandan game 
parks the hippopot 
amus has been 
culled for meat 


The saiga antelope 
is found in the 
USSR and ranched 


the Scottish High: 
lands into meat. The 
eland is a native of 
East Africa bi 
now bred in Africa 
and the USA for 

meat. The oryx is 

one of the few meat 
producing species 

hat can live in deserts. 


for its meat, leath 
and horns. The red 
deer is more ef 
ficient than any 
domestic animal at 
converting the poor 
moss and grasses of 


9 Malthus suggested 
that population tends 
to expand more rapid 
y than food supplies 
and that a food 

crisis is inevitable, 
This crisis has been 
avoided so far, but 

it may materialize 
unless ways are 
found to curb world 
population growth 


Land uses 


Manis beginning, at last, to realize that if he is 
to continue to live on this planet he must con- 
serve its resources. For thousands of years his 
impact on the land was negligible. But since 
the middle of the eighteenth century, inten- 
sive agriculture, the search for minerals and 
energy sources and the growth of population 
and transport systems have led man to inter- 
fere increasingly with the balance of nature 
and to compete for available land in ways that 
e often destructive 


The eras of change 

Until about 10,000 years ago man left little 
trace of his presence on the landscape. He 
hunted, fished, trapped, sheltered in caves 
and searched for suitable materials for his 
tools. Early mines, such as those at Grime’s 
Graves in Norfolk, were mere pits dug with 
picks made from the antlers of deer. But with 
the agricultural revolution of Neolithic times 
nomadic peoples settled down to cultivate 
fields, cut trees to build houses and estab- 
lished for the first time a pattern of land use 
that altered the natural ecological balance 
Despite this, communities were small, 


1 Increasing diver- 
sity of land use 
marks man’s occupa 
tion of a landscape 
which was moulded 
by natural forces, 

1 


Strip cultivation 
surrounds this 


Transport, services, 


mark today's town, 
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averaging perhaps one person per square 
kilometre even in settled areas. By the year 
AD 1000 world population had reached only 
about 350 million. 

The growth of larger towns in medieval 
times, the spread of roads and the quarrying 
of materials such as clay, stone and iron 
gradually extended man’s impact on the 
landscape. Large areas of forest were cleared 
for grazing or cultivation of crops. The 
Industrial Revolution of the eighteenth cen- 
tury was a major turning point in land use 
The development of the steam engine based 
on power from coal greatly contributed to the 
establishment of a whole range of new indus- 
tries and to the rapid growth of towns to 
house an expanding population of factory 
workers. As the transport of manufactured 
goods became more important, canals, rail- 
Ways and roads cut across the land. The 
search for building materials accelerated as 
world population grew from about 900 
million in 1800 to 1,650 million in 1900. 

At the same time an agricultural revolu- 
tion began, bringing great changesin farming 
methods, Crops and livestock were improved 


and food and raw material production 
developed. Agriculture spread to newly 
discovered lands and farming techniques 
became steadily more mechanized. 
Throughout the years of the agricultural and 
industrial revolutions of the nineteenth cen- 
tury disturbance of existing vegetation and 
wildlife, and pollution of the water and 
atmosphere, occurred with little awareness of 
the damage being done. 


Man's adverse impact 
Despite examples of the sensible conserva- 
tion of land ~ such as reclamation in The 
Netherlands [3] and terrace cultivation in 
Asia — agricultural areas elsewhere were 
often mismanaged on a vast scale. Overuse of 
land in the western prairies of the USA broke 
up a stable ecosystem so that during a period 
of drought and high winds in the 1930s the 
topsoil was removed and a dust bowl created 
In other areas thoughtless removal of vege 
tion allowed heavy erosion of hilly areas - 
rainwater carved deep gullies and carried 
good topsoil into rivers, causing further prob- 
lems through silting. 
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Relatively large areas of country on which 
man has had little or no impact remain but 
the landscape in developed countries has 
become more and more formalized. With 
world population soaring to some 4,000 
million in 1975, cities continue to grow at the 
expense of the countryside. New roads sweep 
through previously impassable territory 
[Key], while in Europe and America exten- 
sive motorway systems devour the land. Air 
ports take agricultural land and ubiquitous 
electricity pylons stride over hills and valleys. 

Man’s impact on rivers lakes is 
already immense in terms of both pollution 
nd engineering works and his ambitions 
dicate still more spectacul 
future. The Soviet Union has bi 


and 


interference in 
gun to imple 
ment a policy to divert its northward-flowing 
rivers to the south in order to make desert 
areas fertile. A recent survey of the North 
American continent suggested the 
expenditure of $86,000 million on 370 pro- 


has 


jects to effect the diversion of rivers and pre 

vent “loss” of water to the Arctic Ocean 
Such schemes involve the building of 

dams, an activity almost as old as terracing in 


agriculture. Although dams can control 
water flow, help irrigation and generate elec- 
tricity, they also have their drawbacks. They 
may hold back valuable nutrients, drown 
vegetation in scenic areas, alter local climates 
and even affect seismic activity 

New techniques of monitoring land 
resources are now being developed, the latest 
being satellite surveys by means of micro- 
wave, ultra-violet and infra-red radiation [2 
Information emitted and reflected from the 
earth's surface gives a more detailed picture 
than aerial photography 


alone 


Conservation of land 
As well as the recent emergence of strong 
political lobbies in favour of land conserva: 
tion, more attention is now being paid to the 
establishment of a balanced urban environ: 
ment through replanting of 
reclamation of previously waste areas. Old 
mines and tip heaps have been levelled and 
landscaped, overgrown canals cleaned and 
used for recreation and national parks 
created to maintain natural landscapes and 
limit further encroachment 


trees and 


population man has 
attempted to increase 
land area by reclaim: 
ing it from the sea. 
The Dutch are the 
most famous makers 
of land, having per 
fected their methods 
over hundreds of 
years. Embankments 
or dikes are first 

built across inlets 

of the sea. The area 
so enclosed is then 
drained and desalin. 
ated, Agricultural 
land is created and 
some freshwater 
lakes are left to 
provide fisheries 
and areas for 
general recreation 


Transcontinental 
roads such as the 
Pan-American High 
way, which links 
North and South 


2 Accurate monitoring 
of the world’s ro 
maining resources of 
land is essential if 

the best possible use 
is to be made of 

them. Remote sensing 
by infra-red photogra: 
phy provides pictures 
showing ground heat 


4 Land-use surveys 
are now being carried 
‘out on a national 
scale in many coun- 
tries of the world. 
Amap based on 
aerial photography 
of the crowded coast 
line in the Kobe 
region of Japan 
shows clearly the 
confinement of the 


America and covers 
a total distance of 
47,516km (29,525 
miles), can in many 
ways deeply influence 


as shades of red and 
blue; it also “sees 
through haze. Healthy 
vegetation appears 
red; harvested fields 
are purple and ripe 
wheat fields are bluo. 
Satellite surveys 

are now widely 

od. A National 


population to a 
narrow strip by the 
steep hills of the 
hinterland [buff 
Other obvious fea- 
tures are the resi. 
dential area [red], 
heavy industries 
(pale blue], docks 
[pale pink], land filis 
reclaimed from the 
sea [yellow], large 


land use. Apart from 

r immediate phys- 
impact such roads 
open up new areas 
for settlement. 


Aeronautics and 
Space Administration 
(NASA) project in 
the USA orbited an 
Earth Resource 
Technology Satellite 
(ERTS) in 1972 
provide data of 
benefit to man 
the world over 


oe 


city-centre offices 
[purple] and wooded 
areas [green}, The 
first modern land-use 
survey was made by 
Stamp in Brit 
ain during the 1930s. 
Now the whole world 
is being surveyed ina 
s of maps by the 
UN Food and Agri 
culture Organization, 
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World food resources 


The average adult male needs between 2,300 
and 2,700 calories and 37-62 grammes 
(1.3-2.2 ounces) of protein each day to stay 
in good health, In addition, he needs ade- 
quate quantities of the appropriate micronu- 
trients such as minerals and vitamins. 
Whether or not the world population 
receives this level of nutrition depends not 
only on the quantity of food produced but 
also on how that food is distribited. 


Early food resources 
It is only in recent times that man has had 
control over his food resources. Originally a 
hunter of wild animals and a gatherer of nuts 
and berries, his life was occupied with the 
constant quest for food. Because he had no 
control over his sources of food, starvation 
posed a constant threat 

Then about 10,000 years ago, man began 
to till the land for the first time. In the fertile 
floodplain of the Tigris and Euphrates he 
planted crops and grew his own food, He also 
Jearned to domesticate and raise animals for 
food to supplement the fish he caught from 
the rivers, lakes and seas, 


Main wheat, rice and maize aroas 


1 Wheat, rice and 
maize are of vital 
importance tothe 
world because to: 
upply 

ly a half of 

man’s food energy. 
Allthe other grains, 
such as millet, sor- 
ghum, barley and oats, 


supply only 10%. In 
addition, maize and, 


portant animal food. 
mutts. The major 
grain producing areas 
are those where soil 
conditions, topo: 
graphy and climate 


Meat, fish and dairy aroas 


3 Protein-rich foods 
of animal origin in 
clude meat, fish, eggs 
and dairy products 
Animal proteins can- 
not be entirely re- 
placed by vegetable 
Proteins in the diet; 
moreover their pro 
duction is inetfi- 
cient, Cattle require 
9kg (201b) of crude 
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vegetable protein to 
produce 0.5kg (11b) 
of edible animal pro- 
tein while the 
broiler chicken ri 
quires 2kg (51b). 
About 33% of 
the world’s grain 
production (400 
milliontonnes) is 
currently being ted 
tolivestock, This 


In relying less on the bow and arrow than 
on the furrow and seed, man gained a greater 
control over his food resources, By planting a 
certain area of crops and raising a certain 
number of livestock, he could be reasonably 
sure of having enough to eat the following 
year. And yet, he still found himself at the 
mercy of elements over which he had no con- 
trol. One year drought might wither the 
crops; another year locusts destroy the 
plants; and yet another year, disease deci- 
mate the livestock. In years when natural 
disasters struck, starvation could be a very 
real threat to man’s survival 

Man also found that certain constraints 
affected not only how much food he could 
grow, but also where he could grow it. Crops 
needed fairly flat and fertile land if they were 
to flourish. They also needed adequate rain- 
fall and appropriately long growing seasons. 
Since the moisture requirements and growing 
seasons of various crops differed quite 
widely, certain crops grew better in particular 
regions of the world than in others, For 
example, rice grew better in the tropical reg- 
ions where temperatures and rainfall were 


favourthe growing 
of a particular crop. 
Thus the river deltas 
in Asia favour 

the growing of 

rico, while onthe 
cooler, drier 

plains of North 
America, wheat 
and maize flourish. 


Moat and dairy 


grainisenoughto 
provide the energy 
needs of the popula- 
tions of India and 
China. The major 
livestock producing 
regions arethose 
where grain is abun- 
dant (the American 
Midwest) and wi 
grassland is plen- 
tiful (Argentina) 


Dairy products 
Sheep 
Pigs 


high than in temperate regions where both 
temperature and rainfall were considerably 
lower. Nevertheless, limitations imposed by 
topography, soil fertility, rainfall and 
temperature meant that at least 70 per cent of 
the world’s dry surface area was unsuited for 
the purposes of arable farming. 

Despite these constraints, man succeeded 
in greatly increasing his food production over 
the centuries. He was able to do this with the 
help of several major innovations which 
included (in roughly chronological order): 
the development of irrigation; the exchange 
of crops, such as wheat, barley, maize and 
cassava [1], between the New World and the 
Old; the development of artificial fertilizers 
[9] and pesticides; the discovery of the laws 
controlling plant and animal genetics; and 
the invention of the internal combustion 
engine to assist agricultural practice, 


Feeding the population 

While these innovations, along with many 
more minor ones, enabled man to grow 
greater quantities of food, it seemed that the 
number of mouths that needed feeding grew 


Grain trade routos 


2Worldgraintrade Latin America asa 
patternshavechanged grain exporter has 


radically since the decline popula- 

19308. Prior to tion growth began to 

World War Il, Latin catch up with her 
ability to produce 


food. Today North 
America isthe bread 
basket of the world 
European nations are 


two major exporters 
of grain. Sincethe 
war, the importance of 


trado routes 


4 Trade of livestock 
‘animal pro- 
twins takes place 
primarily between 


more affiuent nations 
can afford to buy 
animal products, 
which are usually 


countries ofthe de- more expensive than 
veloped world, In other foods. Over 
1971,they accounted the past centur 

for over 90% ofthe there hasbeena 
world market econ- growth in the 
omy'stradeinmeat. eating of meat inthe 
This reflects the developed countries 


fact that only the In Japan, meat con- 


CONNECTIONS 


See aiso 
The future of food 


the main importers of 
grain. However in re- 
vears. developing 
ions, previously 
ufficient in 

grain, have begun 
toimport more 

and more grain 

to meet their domes- 
ticrequirements. 


sumption has in- 
creased four-fold in 
the years since 1960. 
As Japan does not 
possess the resources 
to grow sufficient 
foodto satisfy 

her needs, she 

has hadto increase 
her imports of 

grain as well as 

her imports of meat. 


almost as rapidly as (and sometimes more 
rapidly than) his agricultural skills. It is esti- 
mated that when man first began farming, the 
world’s population numbered no more than 
ten million. By the time of Christ, this figure 
had grown to 250 million; by the mid 
nineteenth century, 1,000 million; by 1900, 
1,680 million; and by 1975 the world popula 
tion was nearly 4,000 million [7]. 

With population growing almost as rapid- 
ly as man’s ability to produce crops, famine 
and starvation has continued to threaten 
major segments of the world’s population, 
especially in parts of Asia and Africa 


Malnutrition past and present 

‘The threat of famine tended to be especially 
severe in years when natural disasters, such as 
floods or drought, caused sudden reductions 
in world food production. 

In the past, major famines included one in 
Italy in 436 BC and another in India in AD 
1291 when large numbers of people died. In 
more recent years, the Irish famine of 1846, 
which was due to the failure of the Irish 
potato crop, forced 800,000 Irishmen to 
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Calorie supply por head 
U in 2,200 Calories per day 
2,200-2,700 Calor 

EEB More than 2,700 Calories 


Protein supply por he 

[Less than 60g per day 
60-909 

HE More thon 909 


8 intensifying produc- 8 
tion could increase 
overall world food 
output. Unfortunat 
many of the more 
modern methods 
of food production, 
which produce more 
food from a given 
area, require large 
inputs of fuel energy 
for power and ferti- 
lizer production, Itis 
estimated that if the 
whole world were to 
adopt the food pro- 
duction methods 
used in the USA, 
well as its diet, 
the world’s known 
reserves of petroleum 
would be exhausted 
within 29 years, 


migrate to the United States. 

In recent years, famine has been reduced 
because world food production has tended to 
outstrip the growth in population and 
because certain nations have been able to 
build up reserves which they have distributed 
to other nations in times of disaster 
Nevertheless, malnutrition remains wide- 
spread. The UN estimates that 460 million 
people do not receive an adequate amount of 
the right kind of foods, The diet of these 
people is frequently lacking in calories, pro- 
tein and the essential micronutrients, Protein 
deficiency alone severely affects the physical 
and mental development of children. 

The widespread incidence of malnutrition 
is not primarily due to inadequate world food 
production, Rather it is due to the inequit- 
able distribution between (and for that 
matter. within) nations of the food that the 
world produces. Today, the affluent one- 
third of the world's population eats well over 
half the food that is produced. It is not sur- 
prising then that amongst the remaining two- 
thirds malnutrition is rife and that a solution 
to this imbalance is urgently needed 
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Food production 
Food production per 


10 


5 These maps of food 
supply and population 
show the area of each 
country proportional 
toits population, 


y 

able protien 
inweight [A] and num- 
ber of calories |B]. 


6 Arable land 
accounts for 
slice of the 
total dry land surface 
aroa. Ovor 70% of 
the land area is unfit 
for agricultural 
purposes which 
limits increases in 
food production 


mall 


7 The world's pop- 
ulation will number 
approximately 6.5 
thousand million by 
the year 2000. UN 


Miltions of tonnes of phosphorus 


Developing world 


The production of 
food has risen almost 
equally inthe di 
oped and developing 
worid over the past 
20years. Inthe de- 
veloped world, pop- 
ulation growth has 


the growth in food 
production with the 
result that per cap- 
itatood production 
has risen by 21%. But 
inthe developing 
world, population 

has grown almost as 
rapidly as food pro- 
duction so that per 
capitatood produc- 
tion has remained 
virtually unchanged. 
Because of poy 
tion growth, attempts 
toimprove diet and 
the level of nutri- 


72 73 74 15 


world 


tion have not been 
very successful. 

5 _—Itispossible that 

per capita tood pro 

duction could even 

beginto fallin 

developing countries, 


Arable land 


Others 


North America 
Latin America 
Atri 

Europe and USSR 
Asia and Oceania 


figuros predict it 
is unlikely to stabil- 

ize before 2125 when 
there may be 12.3 
thousand million. 


mons» 


9 Chemical fertil- 
izers are being used 


this graph for phos- 
phates, expressed in 
millions of tonnes of 
phosphorus (the drop 
after 1938-9 wa: 

due to World War tl) 
Unfortunately the re- 
serves for two of the 
three major plant nu 
trients, phosphorus 
and potassium, are 
limited and the pro- 
cessing of the third, 
nitrogen, requires 
large amounts of 
either natural gas 

or oil for energy. 
Thus fertilizer short- 
ages will worsen, 
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Pollution of the air 


Clean, fresh air is a mixture of gases with tiny 
particles suspended in it. By volume it is 
made up of roughly 78 per cent nitrogen and 
21 per cent oxygen, with much smaller 
amounts of carbon dioxide and argon and 
traces of several other gases, Water vapour 
can be present in varying amounts according 
to the temperature and history of the air, The 
Particles, which often help to make air visible 
and add colour to the clouds and sky, include 
fine water droplets (forming mist, fog and 
low cloud) and ice crystals (forming high 
cloud). Air that has blown over the sea may 
be loaded with tiny crystals of salt, and wind 
off the land often contains dust that may 
include fine sand, pollen, plant spores and a 
host of other substances both organic and 
inorganic. These gases and particles are not 
generally harmful to plants or animals, and 
human beings are able to tolerate a wide 
range of atmospheric conditions. 


How is the air polluted? 

Air pollution is usually a result of man’s 
activities [1]. Polluted air, of the kind found 
in cities and industrial areas, usually contains 


Transport 


a 


Domestic heating Minceltanvous 
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higher-than-normal concentrations of some 
of the “trace” gases and other gases that are 
not generally present in the atmosphere. 

It may also contain more particles, which 
thicken the atmosphere, darken it and reduce 
visibility. Polluted air is often unpleasant to 
breathe and can be extremely harmful to 
living creatures of all kinds. Man suffers from 
it directly, through deterioration of the 
environment and his health, and indirectly 
through damage to crops and property. 

The chief cause of air pollution is the 
large-scale burning of fossil fuels. Coal 
burned in household grates, industrial fur- 
naces and railway engines blackened the 
cities of Europe and North America during 
the eighteenth, nineteenth and early twen- 
tieth centuries and fumes of oil products - 
especially petrol and diesel fuel ~ contribute 
heavily to the foul air of cities today 

Burning fuels, especially in grates or 
engines that are not properly maintained, 
produces a wide range of pollutants that 
affect the air in different ways. Prominent 
among pollutants is sulphur dioxide. This is 
an acrid gas that dissolves readily in water to 


bon 
monoxide 


BBs ycrccarbons 
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form acid solutions that kill plants and 
damage buildings. In the high-temperature 
conditions of a furnace or engine cylinder, 
oxides of nitrogen may also be formed, again 
producing choking fumes that yield acid solu- 
tions. Nitrogen oxides and sunlight also react 
to form photochemical smog, which is 
particularly prevalent in Los Angeles, US 
[4]. Unburned hydrocarbons and other parti- 
cles enter the atmosphere in large quantities, 
forming soot and fly-ash. These make greasy, 
black deposits on buildings and fabrics and 
also form nuclei on which water droplets con- 
dense, causing smoke haze and fog. “Smog” 
[4], a thick, persistant fog that forms when 
polluted air cannot rise because of air layers 
of different temperatures that hang over a 
city, combines these features and is a well- 
known hazard to human life 


The role of the motor car 

The petrol used in most countries today 
contains lead compounds, which enter the 
atmosphere in enormous quantities from 
motor car exhausts [2], Together with carbon 
monoxide, a poisonous gas produced by 


1 Some of the main 
sources and propor- 
tions of air pollution 
in an industrial ro- 
gion are shown in 
these diagrams. 

Gases and other pro 
ducts of transport 
account for 51% of 
all atmospheric pol 


lution. This is fol 
lowed in decreasing 
proportions by pol 
Jution from dom 
fires, forest and 
other open fires such 
as bush fires, indus 
trial smoke and the 
incineration of 
domestic waste 


2 The motor car is 

a major source of 
atmospheric pollution 
producing oxides of 
nitrogen, unburned 
hydrocarbons, car 
bon monoxide, lead 
compounds and other 
poisons, in the 
proportions shown. 


tic 


Proportion of pollutants 
produced by various 
components 


Petrol tank 


Carburetor ay 
Crank caso Accel- Dace! 
Nitogen 
panties onsen 
Lead 0-775 (12,000 miles) Hydros 
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widen 8407519 
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monoxide 


3 Acid rain, believed 
to originate from 
industrial pollution 
in western European 
countries, is damag: 
ing buildings, forests 
and streams and af 
fecting the health of 
man in Scandinavia 
Sulphur dioxide (SO,), 
produced during the 
burning of coal and 
oil, is oxidized in the 
atmosphere to sulphur 
trioxide (SO,). These 
gases dissolve in 
water in the clouds, 
forming sulphuric 

acid (H,SO,), which 
falls in rain many 
miles downwind of 
the industrial areas 
from which the 


gases originated, 


burning hydrocarbon fuels, these compounds 
may reach intolerable concentrations in city 


streets and p d 


esent a special health ha: 


The motor car produces other air pollut 


ants, notably asbestos fibres from brake lin: 
ings; these may enter the lungs and set up 
chronic irritation that may lead to cancer and 
other respiratory diseases. Asbestos fibres 
the atmosphere from building 
materials such as fire-proof wadding. Many 


industrial chemical the 


also enter 


add to 


processes 


atmosphere pollutant gases 


nd particles 


Recent sources of atmospheric pollution 

A small but growing source of atmospheric 
pollution is the 
cles, both from nuclear weapon testing and 
from peaceful uses of atomic energy [6] 
Crop-spraying adds local concentrations of 


elease of radioactive parti 


organic poisons to the air, sometimes to the 
detriment of plants and animals on neigh 
bouring land 

Many new organic chemicals 
into the atmosphere come under suspicion of 
causing long-term environmental damage 


For example, the freons, used as refrigerants 


and aerosol propellants, may interfere with 
the protective ozone of the upper atmos. 
phere and allow dangerous concentrations of 
ultra-violet light to reach the earth’s sur 
these may harm the skin and body tissues, 
Increased quantities of carbon 
released into the atmosphere from burning 
fossil fuels, may be upsetting the heat balance 
of the earth. 

Most forms of air pollution have arisen 
from the activities of industrial man and 
many are readily curable. Legislation in the 
wealthier industrial countries has been effec 
tive in reducing smoke and smog pollution. 
keeping airborne effluent from factory chim- 
neys under control and generally improving 
the quality of the atmosphere. New factories 
are better equipped to reduce pollution and 
ways are being sought to keep down the 
and 
These remedies are costly; industrial 
man finds that he has to pay more to maintain 
and improve his standard of living. The 
developing countries, now on the brink of 
industrialization, still have the problem of air 
pollution in front of them, 


pollutants from motor car aircraft 


senwrations in tho UK 
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Pollution is a 
global problem 
atfecting the land, 
rivers, the sea and 
the atmosphi 


is especially acute 
in industrially de- 
veloped countries, 
where for gener. 

tt ations man has been 


dumping his waste 
without thought for 
the environment. The 
level of pollution 
now causes concern, 


4 Smog caused 4,000 
deaths in London in 
1952 and is still a 
major hazard in 
Japan and the USA, 
particularly in the area 
of Los Angeles 

as this picture 
illustrates. In warm 
climates smog is 


‘aused by oxides of 
nitrogen and hydro. 
carbons from car 
exhausts undergoing 
chemical reactions 
influenced by sun. 
light. Photochemical 
smog is a poisonous 
mixture lethal to those 
with lung complaints, 


LAS, 
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5 Britain’s air was 
relatively pure until 
the Industrial Revol- 
ution. In the 18th 
and 19th centu 

coal that powered 
industry and provided 
domestic hoat pro: 
gressively blackened 
buildings and harmed 
vegetation and health, 
The lethal winter 
smogs of 1952 spur 
red government action 
and in 1956 the Clean 
Air Act reached the 
statute book. Thi 
reduced the smoki 
output. In certain 
areas only smokeless 
fuels could be 
burned. Within a fow 
years ther 

distinct improve 
ment in the quality 

of the air. Since 

the mid-1960s Bri 

tish industry has 
spent £400 million 

on reducing pollution 
without economic 
damage to production. 
Overall the big 
clean-up attempts 
have been successful 
London's last smog 
occurred in 1962 and, 
as the diagram shows, 
there has been much 
more sunshine 

in winter in 

Britain since 1950. 


ho 


6 Nuclear explosions 
in the atmosphere 
have exposed man to 
damaging amounts of 
radiation. During the 
1950s it was found 
that strontium-90 
dispersing in the 
atmosphere was 

being absorbed by 
vegetation. Grazing 
animals eat contam. 


inated plants and 
thus human beings 
drink milk and eat 
meat containing 
strontium-30, This 
partly replaces cal: 
cium in bones and, 

by emitting beta 
particles which inter 
fore with blood cell 
production. can even: 
tually cause leukaemia 
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Misuse of the land 


Mark Twain, the American writer, when reclaiming old sites, because the land is less than a kilometre (0.6 mile) in width and cownecrions 
asked for investment advice, replied: “Buy expensive. The old sites may be left to waste, almost as deep, involving earth-moving On gee sso 
land. They've stopped making it.” A centu When a "greenfield" site istaken over for geological scale. Such mining practices lead Se!" c- 


later it is clear that, far from being “made”, 
land is being used in a manner that is often 
increasingly harmful to the interests of the 
earth's population 


‘The dangers of industrial expansion 
Land fulfils many roles, some of them mutu- 
ally incompatible. Increasing disregard for 
the true value of land has been shown in 
recent assessments of agricultural and indus- 
trial requirements, The implications are 
ominous. 

Failure to recognize the priorities in the 
use of land has often made it more valuable as 
a support for concrete than as a support for 
growing foods. Loss of agricultural land 
occurs annually in virtually every indus- 
trialized country. The cities of the world are 
spreading across the landscape, often 
encroaching upon all the open land in their 
path, by the construction of houses, factories 
and roads. Industrial expansion seeks “green 
field” sites for new developments rather than 


industry the effects may be felt over an area 
much larger than that eventually occupied by 
the plant. The fallout from stack gases may 
blight the surrounding countryside for many 
kilometres, Motorways and their access 
routes cut through the rural scene; the traffic 
they carry emits exhaust fumes and lead over 
a still wider area, They also carve wildlife 
habitats into smaller units that make life 
impossible for many of the larger species. 


‘The effects of excavation and mining 

To produce the materials for construction 
work requires yet more land, The fill for 
foundations under buildings, roads and dams 
is excavated from surrounding areas and hills 
are levelled to produce aggregates, Even 
larger sears are left by open-pit mines for 
extracting valuable metals from the rock and 
strip mines for extracting coal, An open-pit 
copper mine — such as that at Broken Hill in 
Australia, or that at Bougainville in New 
Guinea -may gouge into the ground for more 


to the leaching of metals by rainwater which, 
as run-off, spreads its poisonous load in the 
surrounding region; and metal-poisoned soil 
is difficult to reclaim, 

Strip-mining for coal does not go so deep 
but it can cover a vast area. With care, strip- 
mining [1] - or, as it is called in Britain, open- 
cast mining - can be carried out without 
causing permanent damage. The topsoil can 
be set aside and replaced on levelled terrain 
after the coal has been extracted from under- 
neath, but the techniques are costly. Strip- 
mining that is not followed by refill and 
replanting produces an acidic water run-off 
(through leaching by rain) which blights the 
downslope vegetation, Mine operators con- 
cerned primarily with achieving high rates 
of production have, since the mid-1950s, 
created widespread devastation with strip- 
mining in the Appalachian region of the 
eastern United States. If the coal reserves of 
the western United States are brought into 
production by strip-mining, as presently 


1 Mechanical inter- 
ference with soil takes 
place in many ways. 
Road building [1] not 


patternisoftenupset, 4 
with the run-off drain: 

ing directly into water. 
ways instead of re- 
plenishing the soil 


compacts the soil and 
affects its biological 
properties. Open-pit 
and strip-mining 3, 4), 
can create widespread 


= ——7 


‘moisture andthe 
water-tables, Agricul: 
tural machinery [2] 


butaiso forthe em 
bankments where the 
soll is mechanically 
destroyed by the 
heavy road-building 
machinery; further 
more the dr 


2 Chemical degra- 
dation of the land can 
occur both by direct 
and indirect means. 


fromit metals such as 
copper and zinc which 
come from industri 
effluent andthese 


Substances applied Iteringthe logged mass [6] 
directly to the soil in istry of the soil, 
agricultural pro- indirectly the 


cesses in order to 
produce some ben- 
eficial result may have 


soil can be polluted by 
industrial processe: 
when gases such as 


lethal side-effects, sulphur dioxide 
Fertilizers and pı are passed into the 
cides sprayed on atmosphere by 


crops [1] will pass 
into the soil and be 
distributed by ground 
water. This can alter 
the biochemical 
balance of the soil and 
kill off earthworms 
and other organisms 


chimneys [3]. These 
are washed down in 


and animals that feed 
‘nit. Unburned 


‘machinery can crush 
awell-dr 
structure 
non-porous water- 


that playakeyrolein hydrocarbons, leod 
maintaining its po- and other noxious Mi 
rosity and aeration. substances from 

Sewage sludge is motor vehicles [4] may Wy 
often spreadasa build up in fields oF 
valuable organic ferti- near roadways. 

lizer(2\butitisim-  Excessiveuse of 


possible to remove 
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heavy agricultural 


land erosion and un- 


from pits and strips 
should be replaced 
‘over the filled-in exca- 
vations after th 


proposed, it will be necessary to enforce 
erosion-control_ measures and to prevent 
water pollution in order to rehabilitate the 
land for agricultural purposes, Otherwise the 
result will be a barren and eroded wasteland 


Land management and deforestation 
Even when land is valued for its fertility, 
modern techniques of agriculture may have 
harmful effects. Excessive use of chemical 
pesticides [2] may kill off the tiny organisms 
in the soil that help to maintain the soil’s vit- 
ality. Chemical fertilizers make it possible to 
grow the same crop year after year, but if 
there is no organic matter in the soil its fine 
structure may break down. This breakdown 
may be accelerated by the repeated passage 
of heavy agricultural machinery [1], which 
compacts the soil 

In extreme cases, under tropical condi- 
tions, delicate soil structures may be replaced 
by a solid, impenetrable mass called laterite 
or hardpan, In recent years some countries 
have proposed the opening up of tropical and 
subtropical regions to cultivation by clearing 
away rain forests, such as those of Amazonia 


3 


© 


3 A”kitchen midden” 
=a place where a 

lost culture has dis- 
carded its waste — 

has immense appeal 


ologistsinvestig 
ing ancient cultures 
Future archaeologists 
may likewise delight 
inthe discovery of 
the kitchen middens 
being left by today’s 
civilization. But 

their dalight will 
probably turn to dis: 
may and distaste at 
what they find. There 
will be so many twen- 
tieth-century middens 
that their discovery 
will become routine 
and, more important, 
they will show that 


spicuous waste a 
virtue. It is most dis- 
concerting to realize 
that today’s civili- 
zation has devised 
ways of extracting 
valuable resources 
fromthe earth 
merely to convert 
them into products 
of limited use and 
then to discard them 
sothey become an 
ecological liability 


in Brazil. The obliteration of the luxuriant 
but fragile vegetation of the rain forest, which 
plays a major part in maintaining the oxygen 
balance of the planet, might lead to an 
irreversible global catastrophe 

Ruthless deforestation of the plains of 
North America, even to the extent of wiping 
out almost all trees from horizon to horizon, 
resulted in the dust bowl of the 1930s, where 
many millions of tons of precious topsoil 
were blown away by the winds. A misjudged 
programme of irrigation in Pakistan raised 
the salt level in hundreds of thousands of hec- 
tares, making them almost useless for crops. 
The Sahara Desert [4] is advancing south- 
wards at some 100m (328ft) a year — partly 
because of careless, primitive agricultural 
practices on its fringe 

Ona local scale, townspeople have come 
to value land so little that gaping ugly rubbish 
tips [Key] are left suppurating in the 
neighbourhood of countless settlements. 
Although the amount of available useful land 
should be increasing, mankind, through 
sheer numbers and population pressure, is 
destroying it on a geological scale 


Recyclable 


Compostable 


Buried 


a D 


Incinoratod 


Key 


The rubbish tip is 
symbolic of man's 
use of natural 
sources. First it 
‘shows the amount of 


Ferrous motala 


Non-fertous motals 


1 
2 

3 Rubber 
a Gloss 

6 Papar and card 
6 Cloth 


Vegetable matter 
Cloth 


Mineral dust 
© Brick and stone 


11 Plastics 
12 Polythene 
43 Polystyrene 
14 Linoleum 


4 The desert areas 
‘of North Africa 
once limited in extent 
but overgrazing and 
slash-and-burn farm. 
ing by nomadictribes 
produced wastelands 
which even inthe last 
decade have spread 
southwards intothe 
dry marginal area 
called the Sahel 


raw materials used 
upand discarded and 
second it shows 

how valuable land 
can be lost inthe 


4 


Sahara 2000 BC 


Sonor 1973 


Drought area 


creation of an unsight 
ly dump. Thistand 
canbe reclaimed 
butthe problems in- 
volved are great 
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Pollution of rivers 


Water moves through a continuous cycle of 
evaporation, cloud-forming, rainfall, collec- 
tion in waterways and then more evapora- 
tion. In doing so, the water is able to purify 
itself naturally of the impurities it acquires 
during the cycle: these include decaying 
organic matter, dissolved gases and minerals, 
and suspended solids, 

Where people and animals are concen- 
trated in large numbers the self-purification 
capacity of fresh water can easily be over- 
loaded, especially if water is used to collect 
and transport sewage wastes from settle- 
ments of any size, If sewage is deposited on 
soil in small quantities, soil organisms break it 
down, re-use the nutrient components and 
allow almost pure water to filter through into 
nearby waterways. 

But if the sewage is flushed directly into a 
waterway, its breakdown must take place in 
the water. This requires a supply of dissolved 
oxygen in order to oxidize the waste. The 
biochemical oxygen demand (BOD) thus 
imposed may severely lower the level of 
oxygen available to other organisms living in 
the water, especially fish and plants [1] 


1A 


Normal tevals 


| 


and lakes 


In extreme cases, the lack of oxygen may 
suffocate all the living organisms in the water, 
The water is then biologically dead, except 
for the so-called “anaerobic” bacteria which 
thrive in the absence of oxygen, and produce 
noxious gases, such as hydrogen sulphide 
which smells like rotten eggs. The result may 
be a waterway both dead and foul smelling 
that is of no use to man or beast. 


Life-giving oxygen 
The same result can occur in water supplied 
with an excess of nutrient material, such as 
nitrate or phosphate, perhaps from the run- 
off of agricultural fertilizer or waste water 
containing detergent. The nutrients 
encourage the growth of organisms such as 
algae; but this growth also requires oxygen, 
and may exceed the capacity of the water to 
supply it. If this occurs, the algae die, and the 
decaying remains impose a further BOD, 
once again bringing the life of the waterway 
to an unpleasent end. 

A lake may have a life-span of some 
20,000 years before it gradually silts up and 
disappears. But the effects of excess nutrients 


D 


Distance trom pollution source 


Matal produenion 


Petrochemical industry, 


= 


Food processing 


Normal levels 


Chemical industry 


Algae 
~ Asellus 
= Froshwator tish 


— Sewage tungus 


1 Freshwater plants 
and animals almost 
ali depend for their 
survival on oxygen 
dissolved in the 


affected by the 
wastes [B]. Some 
thrive on them, for 
example sewage 
fungus and algae, 
while others, such 
as freshwater fauna, 


water. Sewage enter- 
ing the water also 
needs dissolved oxy- 
gen for its decay, 
thus competing with 


sure of the 

extent of pollution 
sh water can be 

by examining 


the oxygen level in 
the water to fall [A] 
by creating a 
chemical oxygen 
demand (BOD), 

which is the amount of 
oxygen needed during 
the time it takes for 
the waste matter to 
oxidize. Living 
organisms are also 


760 


plant 
and animal life [C] 
and the distribution 
of the organisms in 
the polluted waters. 
Industrial wastes 
discharged into 
waterways [D] are 
mostly responsible 
for causing pollution. 


3 Waste hot water 
fed into rivers from 
the cooling systems 
of factories can ki 


12] by raising the 
water temperature 
above toleration 

vels. They may be 

e fish, such as ced by unwanted 
salmon [1] and trout pecies, such as the 


3a 8 


can accelerate the ageing process, called 
eutrophication, and reduce the life-span of a 
lake, making it a much less welcome feature 
of the landscape [2]. 
The life-giving oxygen dissolved in water- 
ways is less soluble at higher water tempera- 
tures. Some industries, notably the electricity 
generating industry, use enormous volumes 
of water for cooling purposes. The heated 
water is discharged back into waterways, 
further upsetting the biological balance of the 
aquatic system. The lower level of oxygen 
handicaps some species in favour of others: 
so does the higher mean temperatures. 
Species that become accustomed to thriving 
in the warmer water, however, may suffer 
disastrous consequences if a plant is shut 
down and its heated water flow interrupted. 


Alien substances 

Organic wastes, nutrients and heat become 
major problems to freshwater ecological sys- 
tems only when too abundant for the systems 
to handle, But in recent years the systems 
have had to deal with vast quan- 
tities of substances that are totally alien, and 


2A 


Blue-green algae 


See aiso 
Improving crops 
Protecting 

Potion of the ait 
Meuse ot me land 
Poluson ot the soa 


2 An oligotrophic 
lake is a young lake 
[A] with clear water 
and a low density 

of algae and plank- 
ton, in the form of di- 
atoms and desmids. 
Typical fish are trout 
and char. As the lake 
ages, it becomes more 
fertile, or eutrophic. 
Nutrients in the run- 
off water from the 
surrounding land [B] 
stimulate the 


algae. The water be- 
comes muddy and the 
fish are mainly perch, 
bream and roach. 


Green algae 


Eutrophic Inke 


guppy (Lebistes retic- (41°F) holds indiger 
ulatus) [3] and the ous fish. The wat 
cichlids (Tilapia enters a factory and 


zillii |4]. Upstream 
water [A] with a tem- 
perature of 5'C 


to which they may be acutely vulnerable, Pes 
ticides from agricultural run-off, and metals 
and process chemicals from industrial 
effluent, have managed to enter aquatic food 
chains, with unpredictable consequences, 
Species high up in the food chain may build 
up dangerous concentrations of such sub 


stances, making them yet more open to other 
environmental pressures [4] 

Polluted water can be cleansed, Eve 
the natural water cycle will accomplish this, 
given the chance. But polluted basins - river- 
beds, lake bottoms and such ~may take much 
longer to recover their biological vitality once 
it is undermined. To allow natural systems a 
chance to restore themselvesit is necessary to 
stop adding further burdens to waterways. 
Sewage works can allow suspended solids to 
settle out to form sludge, reducing by half the 


BOD of waste water, and can even reduce the 
level of nutrients, But industrial effluents 
may poison sewage works; and agricultural 
run-off does not even enter them. Further- 
more the works are costly to build, and their 
value in providing cleaner water is still not 
Jequately recognized. Since urban settle 


1,000,000p—m y 


ments and industries find it convenient to dis 
pose of their wastes into nearby waterways, 
they are reluctant to stop doing so, even when 
the wastes render the water useless or 
dangerous. Another problem arises in water 
ways that serve as regional boundaries, espe 
cially those between nations. In North 
America, the deterioration of the Great 
Lakes has been a diplomatic problem for 
many years [5] 


Who is responsible? 

Canada and the United States each find it dif 
ficult to justify effluent controls on their 
respective shores while the other still permits 
copious discharges of pollutants to enter the 
lakes from the opposite shores. Even more 
desperate problems confront those 
attempting to prevent the biological death of 
the Rhine. Power stations, potash mines and 
chemical industries line the river banks. 

All over the world, freshwater habitats 
ponds, streams, rivers as large as the St Law 
rence and the Volga, and lakes as large as the 
Great Lakes and the Caspi 
cumbing to poisonous pollution 


n Sea ~ are suc 


tothe land, even in 
smali doses, are 


P 
poisonous to many į 


animals. The concen- 
tration of poison 
increases along the 
food chain, finally 
becoming lethal to 


animals at the end oom 
of the chain. A pest. 

icide [1], such as Evnsvsiin senres 
DDT, is applied to Greet Lan 


water at 0.015 parts iad 


per million (ppm) to 
control midge larvae, 
but the plankton [2] 
accumulates Sppm 
The fish population 
(3, 4] builds up still 
higher concentrations, 
and finally a groba [5] 
which feeds on the 
fish accumulates as 
much as 1,600ppm of 
the pesticide in its 
body fat, which is quite 
enough to kill the bird, 


6 Natural waterways 
have long been re- 
garded as obvious 
dumping grounds for 
man’s wastes. Inthe 


modern technological 
society the wastes 
from industry have 
been more than the 
waterways can handle 
and, instead of the 
water being able 

to break down the 
polluting substances, 
these substances tend 
to accumulate and 
form poisonous sus: 
pensions or unsightly 
scum (A] in the water 
and kill off the 

animal and plant 

life that originally 
existed there [B] 


Water moves in an 
endless cycle, carry 
ing with it a variety 
of dissolved or sus 
pended substar 
and purifying itself 
repeatedly by evapor 
ation. Many of the 
substances in fresh 
water arise In nature 
and reach waterways 
by natural means 
such as rainfall or 
ground water run-off, 
Some man-made pol 
lutants take the same 
routes. Smoke, ash 
and industrial gases 
can be brought down 
by rain; and chem 
icals and wastes 
spread on soil can 

be carried by ground 
water into waterways 
Other wastes follow 
man-made routes, 
through drains and 
sewerage outfalls, 
These wastes are 


usually more noxious, 
but easier to control 
than those follow: 

ing natural pathways, 


are the largest fresh- 
water lakes in the 
world, but their 
physical condition 
has deteriorated in 
the present contury 
Population increases 
[A] and industry [8] 
have been the main 
factors. Pollution 
from domestic and 
industrial wastes [C] 
has wrought changes 
in the chemical 
composition and fauna 
of the lakes. Local 
fish life has been 
devastated by the par 
asitic sea lamprey, 
which has invaded the 
lakes via the Well: 
and Canal, opened in 
1932; and new species 
of fish, such as rock 
bass, are becoming 
dominant. Eutro: 
phication [D, E), the 
natural ageing pro. 
cess of all freshwater 
lakes, occurs in 
three stages, oligo- 
trophic [1], meso 
trophic [2] and eu 
trophic [3]. Inthe 
Great Lakes, the 
process has been 
artificially accel 
erated by human 
activity, and Lake 
Erie has already 
entered its final, 
eutrophic phase. 
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Pollution of the sea 


The world’s oceans make up a vast expanse of 
water — the Pacific alone is greater in area 
than all the continents together. Man has 
accordingly looked upon them with awe - 
and then casually dumped into them every 
imaginable form of waste ~ solid, liquid and 
gas. Ships and barges carry solid refuse and 
liquid effluent out of sight of land and unload 
them into the sea, Galley rubbish is tossed 
over the sides of ships, water closets are 
flushed directly into the sea. The world’s 
rivers carry their burden of effluents, nu- 
trients and suspended solids into the coastal 
seas. The atmosphere wafts pesticides, lead 
compounds and many other pollutants far 
out to sea where they settle or are rained out 
to add to the pollution of the oceans. 


Accidental oil spills 

Oil and water do not mix, but a staggering 
total of oil - millions of tonnes a year ~ is 
deposited in the ocean, by accident and by 
intent, Accidental oil spills are the most 
notorious. The wreck of the Torrey Canyon 
[4] in 1967 released nearly 100,000 tonnes of 
crude oil into the waters off Land’s End, 


(ORG) 
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1 Man’sinfluenceon 4 
the sea may begin 
upstream, He uses 

fresh water trom an 
estuary to irriga 
land [1] and so alters 
the salinity gradient 

~ the rate at which 
fresh water becomes 
‘salt at a river mouth 
(2) -killing organisms 
such hrimps [3]. 
Recla ion ot 
ings or mud fi 
[4] destroys one of 
the most productive 
zones in the bio- 
sphere, Dredging [5] 
stirs up mud, reduces 
surface sunlight and 


jewage [6] overloads 
biological systems. 
A clean estuary [7] is 
important to the fish- 
ing industry as species 
liko menhaden 
|8] and spotted sea 
trout [9] return to 
fresh water to spawn. 
Sewage can hinder 
the ability of fish to 
‘smell” their way to 
the breeding grounds 
or return to th 
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coating many kilometres of English and 
French coastlines with thick, black sludge, 
and killing many thousands of sea birds, es- 
pecially those, such as the auks, which feed 
from the surface. 

Every year adds to the toll of tanker 
wrecks. Sometimes these wrecks — such as 
those of the Pacific Glory and the Allegro in 
the English Channel in 1970 - occur in 
crowded waterways. Others, such as that of 
the Metula in the Strait of Magellan in 1974, 
occur in remote waters. But all add to the 
patches of oil slowly spreading across the sur- 
face of the oceans, There are other kinds of 
accidental spillage. One of the worst ail spills 
so far came from a Union Oil drilling plat- 
form not far off the California coast near 
Santa Barbara in 1969, 

As tanker sizes continue to increase, 
accidents release greater deluges of oil into 
the oceans. But accidents do not release as 
much oil as do the irresponsible actions of a 
small minority of the world’s tanker fleet 
operators. Tankers clean their tanks by 
flushing them down with seawater. Reput- 
able fleets have adopted a procedure called 


load on top (LOT) in which tanker washings 
are stored on board to be unloaded at special 
shore facilities rather than poured straight 
overboard. Overwhelmingly, however, the 
largest source of oil pollution at sea comes 
from the land — from industries, and motor 
vehicles. Their oily residues are often dis- 
charged indiscriminately into the sea or car 
ried there by rivers [2]. 


Death in the sea 

The quantity of oil pollution is troublesome 
but at least oil is organic in origin and can in 
time be broken down by marine organisms. 
Heavy metals such as lead, cadmium and 
mercury remain toxic indefinitely. Indeed, 
marine organisms may make them even more 
toxic. Mercury dumped into the coastal 
waters of Japan was thought to be of low tox- 
icity. But there it was converted into methyl 
mercury, a powerful poison to the central 
nervous system. As is often the case. the 
poison was concentrated in fish and shellfish, 
producing an outbreak of what came to be 
known as Minimata disease [6], whose ori- 
gins remained obscure for nearly a decade 
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4 Torrey Canyon. a 
supertanker carrying 
Kuwait crude 
aground off Land's 
End, Cornwall, in 
1967. Her back bro- 
ken, she disgorged 
nearly 100,000 tonnes 
of oil, Erm 


ing fire bombing. 
were unsuccessful 
Sea birds were coat- 


ed in oil and died in 
their thousands. The 
slick went ashore in 
‘quantities in south- 
west England and 
drifted to the 

south and 
to coat the beaches of 
the Channel Islands 


of detergent in an 
attempt to clean up 
proved even more 
harmful to marine 
life than the oil 
Species affected 
Included flounder [1], 
shore and edible 
crabs (2, 3), blenny 
14], prawn [5], lobster 
[6], and oyster [7]. 


3 Major areas of 
potential oil pollution 
are found along the 
world’s main ship- 
ping routes. Oil now 
outstrips all other 
commodities in inter- 
national traffic and, 
as most exporting 
areas are thousands 
of kilometres from 
the areas of con- 


sumption, fleets of 
tankers, some weigh- 
ing half a million 


tonnes and carrying 
the same weight of 
crude oil, are con: 
stantly moving along 
tho trade routes, 
Nearly three million 
tonnes of oil are 
borne every 


ry week. 
The places which 
tun the greatest risk 
of oil pollution are 
the major shipping 
bottlenecks such as 
the English Channel, 
the Cape of Good 
Hope and the Malay 
islands, but now that 
oil is being exploited 
in Arctic regions. 

ker fleets will 
soon be operating 
in areas where the 
hazards of navigation 
are magnified by 
ice and poor visibility 
for the greater 
part of the ye. 
serious incidents 
can be expected there. 
The escape of oil 
close to populated 
areas prompts most 
‘outcry but accidents 
elsewhere are just 
dangerous to the local 
ecology. Bodies such 
as the Intergovern- 
mental Maritime 
Consultative Organ: 
ization aken 
steps to reduce pollut- 
ion by redesigning 
tankers and restrict- 
ing dumping to cer- 
tain specified areas. 


Fishing will never be safe in Minimata Bay 
and some other Japanese bays where mer- 
cury still remains in the water. 

The effects of marine dumping are still 
poorly understood. It took prolonged detec- 
tive work to establish the cause of a notorious 
episode in the Irish Sea which involved the 
deaths of thousands of sea birds. The key 
factor was found eventually to be polychlori- 
nated biphenyls (PCBs), organic chemicals in 
industrial effluent dumped in the estuary of 
the River Clyde, Some seaborne organic 
chemicals travel much farther from their ori- 
gins; birds and fish can carry the powerful 
insecticide DDT to remote parts of the globe 
Photosynthesis in marine plant life, which 
makes an important contribution to the 
earth's oxygen balance, can be inhibited by 
even quite low levels of DDT 


Closed systems 

Some seas, such as the Mediterranean and 
the Baltic, are nearly closed systems having 
only limited interchange of water with the 
rest of the world’s oceans, Such seas are 
already showing signs of serious biological 


7 Life in some 
coastal waters of the 
Mediterranean is 
dying. This sea has 
three “lung basins’ 
where cold air blown 
down from the moun: 
tains [1], forms a 


breakdown [7]. But their plight, while wor 
rying, pens in 
the entire marine environment 

Ina very real sense the whole world of the 
ocean is a closed system but the nations of the 
world have been unable to unite behind any 
effective national measures to administer the 
oceans for the benefit of all. In the early 
1970s the United Nations Inter-Govern- 
mental Maritime Consultative Organization 
(IMCO) met in conference and drew up a 
convention for the control of maritime pollu: 
tion by shipping. However 
convention is only as strong asthe steps taken 
to enforce it, The IMCO convention remains 
in essence a pious hope. The UN Conference 
on the Law of the Sea has dragged on since 
1958 in session after session, with very little 
real pro 


is only a foretaste of what ha 


as always, a 


ress, 

National interests are generally more 
jealously guarded than “the common 
heritage of all mankind” and until there is 
more international co-operation the oceans 
will continue to be dumping grounds for 
sewage, pulp waste, radioactive wastes and 
all the other refuse of civilization 


5 Tanker dis 
of Torrey Canyon 
magnitude are spur 
ring new techniques 
to minimize sub: 
sequent damage, A 
collapsible bladder 
[1] is towed along 
side a stranded 
tanker [2] and used 
to store oil pumped 
from the ship. If 

any oil has been 
spilled a “skimmer 
13] collects the 
drifting oil 

which has been 
confined by a 
floating boom |4]. 

Oil can be mopped 
up by a moving 
absorbent belt [5] 
also known as an “oil 
scrubber”, or sprayed 


[6] to speed its 
breakdown by micro 
organisms. These 
techniques are not 
yet widely available. 


Waste returns to its 
originator. Smoke |] 
and effluent (2), dit 
uted or apparently 
dispersed in cloud 
13], may, however, 
return in concentrated 
form, Pollutants 


reach the sea in 
rain [4] and run-off 
from the land [5] and 
they are absorbed by 
marine organisms 
first simple [6, 7] 
then larger species 
[8]. Fish [9] may be 


eaten by birds or by 
man [10] whose place 
atthe end of the 

food chain makes 
him especially vul- 
nerable to the dan- 
gers of the waste 
that he creates. 


6 The ettect of toxic 6 
pollution hit back 

at man on the shores 
of Minimata 

Bay, Japan, inthe 
1950s and 1960s, 
Inorganic mercury 
discharged into the 
bay as waste by 
industry [A] was con 
verted by marine 
organisms into 
methyl mercury. This 
highly toxic sub- 
stance accumulated in 
fish and shellfish [B] 
which were taken 
from the bay by local 
fishermen [C]. Fish 

is a staple diet [D] of 
the region. Townsfolk 
became ill [E], died or 
showed signs of brain 
disorder; children 
were born malformed, 
The plant has closed 
and fishing has not 
resumed in the bay 

it has 600 tonnes of 
mercury on its bed 


G 


cold, oxygenated layer 
of water which sinks 
12], releasing oxygen 
The basins are 

fed by effluent. 
poisoned rivers (3), 
the pollutants collect 
ing in deep waters (4) 
killing all life 

Tanker waste (5] 
films the sea with oil, 
denying sunlight 

to phytoplank 

ton, the primary sea 
food. Man’s work has 
killed sardine 

fishing off the Nile 
delta (6] by making 
the area unfavourable 


Areas of 
lung action 


O Dee water 


Skm band 
‘of dead sea 


Mounta 
ous regions 


to the sardines. The 
Aswan Dam |7] re 
duces the fresh water 
input and salinity is 
increased by a flow 
of water trom the 
Red Sea via the 

Suez Canal [8] 


Energy for the future 


Is there an energy crisis? In principle, no. The 
world’s known reserves of energy are more 
than large enough to meet all foreseeable 
needs of mankind for ever, if ways can be 
found of making use of all of them [1]. The oil 
shales of Colorado alone, for example, con- 
tain more oil than all the Middle East 
reserves added together. And the heat con- 
tained in a cube of rock with a Skm (3 mile) 
edge lying beneath the Jemez Plateau in New 
Mexico is as much heat as the whole world 
uses in an entire year. 


‘Types of energy potentials 
Potential sources of energy ~ oil shales, tar 
sands, solar and geothermal sources, waves, 
tides, winds and nuclear fusion - could in 
principle provide far more energy than the 
world is ever likely to need. But many dif- 
ficult problems have to be solved before any 
of these neglected sources of energy can be 
tapped successfully, The problems are not 
simply of a technical nature, but are of many 
different kinds 

The most important is the fact that most 
untapped sources of energy are diffusely 


tidal sitos 
Geothermal 
xploitation 


Geothermal 
potent 


1 Alternative energy and extensive goother 


spread across the surface of the earth, and not 
concentrated into neat packages as are coal, 
oil or gas. The sunlight falling on any country 
in the world ~ even northerly Britain - would 
be more than enough to meet all power 
demands if it were not so thinly spread [6]. 
Short of covering very large areas of land 
with solar collectors, there is at present no 
way of using more than a minute fraction of 
the sun's energy. Similarly, the energy of the 
waves [3] or the wind [4] is enormous, but so 
diffuse that huge structures or thousands of 
small ones would be needed to capture it. So 
far only one tidal power station exists, 
utilizing the great tidal range in the Rance 
estuary in northern France 


Diffusion and cost of alternative energy 

‘Since most alternative energy sources are dif- 
fuse, it would be extremely costly to provide 
structures capable of concentrating them for 
use. The energy consumed in building these 
structures may well exceed, over their poten- 
tial lifetime, the amounts of energy they 
would provide. Careful “energy analysis” is 
therefore needed in each case to make sure 


(20t) every day. ploited first where 


that the investment will make a profit both in. 
financial and in energy terms. Energy 
analysis of the rich oil shales of Colorado, for 
example, shows that the return in oil pro- 
duced by mining and processing the shale 
would not exceed by a very wide margin the 
amounts of oil that would be consumed by 
mechanical mining equipment, transporta- 
tion of shale, process heat to extract the oil 
and refinement to turn it into a useful form. 
Unless a less expensive technology can be 
found, therefore, oil shales are unlikely to 
provide a large source of oil, 

A third difficulty is what economists call a 
“rate and magnitude” problem. What mat- 
ters, if the world is to avoid running out of 
energy, is not the potential amounts available 
but the rate at which they can be brought into 
use. Past energy sources - coal, oil and 
natural gas — have been brought into use 
successively, each more quickly than the last 
However, all the present alternative sources 
of energy are harder to bring into use than oil 
or natural gas ~ they need bigger investments 
and produce smaller returns. This means that 
it would in theory be possible for a world rich 
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Energy of te 
ti 


Enorgy suppres 
Energy re 


Waves and toes 
Resourcen at risk 


2 Fusion is a nuclear 
reaction that can 

take place between 
certain elements with 
low atomic numbers. 
Itinvolves 


nuclear particles and 
a release of energy. 
‘The attraction of this 
as a potential power 
source lies in the 

lack of radioactive 
waste products (the 
drawback in other 
nuclear reactions), 
the great quantities of 


of fuel (deuterium 
‘occurs naturally in a 
concentration of 1 
atom for every 5,000 
atoms of hydrogen). 
Inthe example 
shown two deuterium 
nuclei give a helium 3 
nucleus, a neutron and 
1 million electron 
volts (MeV) of energy. 


‘sources are unevenly 
distributed through 


mal potential in the 
geologically active 


The UK also has 
good wave-power 


the source coincides 
with a large market 


the world. The North west of the USA. Prospects, withthe (eg the USA, Japan 
4,800km (3,000 miles) and parts of Europe} 
“fetch” of the Atlantic Many developing 
world in the driving waves on tothe countries have good 
in Colorado, tar Severn estuary, western coast, Alter- solar and geothermal 
nda in Alberta, whore the tide native energy sources prospects and th 


good solar radiation and falls more than 6m 


are likely to be æ needs are growing, 


3 Waves have enor- 3 
mous power, sufficient 
to destroy jetties 

and quays weighing 
thousands of tonnes. 
They are strongest 
along the edge of 


both onthe 
ofthe wind and on 
the distance it blows 
across the sea (the 
“fetch”’). Waves grow 
and decline more 
slowly than wind, 


4 The wind is a cap- 
ricious and undepend- 
able source of power. 
To use it requires 

a means of storing 


inverter converts it 
into alternating cur- 
rent and feeds it to 

the grid, Power pro: 
duced elsewhere 


produces hydrogen 
gas and oxygen gas 

lectrolys 
cell by the electri- 


energy producedin cal decomposition could aiso be used 
ky” power output. windy periodsthatcan of water. The two to run the electroly- 
Thus they smooth out sis cell when the 
the rapid variations wind is stil 
of strength and to produce electri This would pro- 
direction of the bility; the wind tur- city in the form of duce electricity on 
winds that drive them, w= bineisusedtogene- direct current. An a continuous basis. 
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in potential energy sources to be suffering 
from an energy crisis, simply because new 
resources of energy could not be introduced 
quickly enough to replace existing ones. 


Gravitational, solar and nuclear sources 

The large sources of energy so far unused fall 
into three categories: those derived from 
gravitation, those derived from the sun and 
those derived from nuclear processes. 

Only one potential source of energy, the 
tides, derives from gravitation. The pull of 
the moon and the sun on the world’s oceans 
shifts the water to and fro, creating a poten- 
tial for hydroelectric plants in places where 
the tidal range is greatest. 

Solar energy sources include the familiar 
‘wood, coal, oil and natural gas, all products of 
plant or animal life which could not exist 
without the sun. They also include solar 
energy itself and, less obviously, wind [4]. 
hydroelectric, wave and ocean thermal gra- 
dient [5] sources. 

Nuclear processes provide three sources 
of energy: nuclear fission, which is already in 
use, nuclear fusion and geothermal energy 


wey 


Nuclear fusion would make use of the energy 
produced when two light elements fuse 
together to produce a heavier one [2], so far 
employed only by the sun and other stars and 
by the hydrogen bomb. Two approaches are 
being tried in the effort to tame fusion, The 
first is to bring light elements together in the 
form of a “plasma” at a very high tempera- 
ture and to prevent them from escaping by 
magnetic fields. The second is to force two 
light elements together by using an intense 
laser beam as a sledgehammer, pouring in 
energy so fast that the minute fuel pellet 
“implodes”, producing a fusion reaction and 
giving off more energy than is originally used 
to drive the laser 

Geothermal energy, finally, uses the heat 
generated by nuclear processes deep in the 
earth, It is in limited use already and has 
considerable future potential. Power plants 
worked from geothermal heat are usually 
driven by steam in hot-spring areas such asin 
Iceland and New Zealand. Other schemes 
are being devised that would use hot water 
from the earth to evaporate a low-boiling- 
point fluid and pass it through a turbine 


5 Seathermal power 6 If the world were 
plants may use the dependent on solar 
difference in temp- ‘enorgy alone, th 


jure between th 
onthe surface 


greatest sufferers 
would be those with 
high standards of 
living in northern 
latitudes, Each 


wi 
of the ocean and the 
much colder water in 
the deeps. In the 


design shown, the British citizen would 
power station floats need, for example, 
on the surface with 

a 1,200m (4,000ft) 7 

pipe [1] descending 

into deep water. Cold 


Plastics 1.12%. 


water from the depths 
is pumped up and used 
to condense ammonia 
in a heat exchanger 

12]. This liquid 

ammonia flows to a 
second heat ox- 
changer [3] where 
evaporated by the heat 
of the surface water 
and passed back to th 
beginning of the cycle, 
As it flows round this 
closed system the 


Unclassitiog debris 2.14%. 
Rag 235%. 


M 


7%. 


Gloss 911%. 


Vegetable & putrescible 17.61%. 


Dust & cinders 21:89% 


Paper 36:91%. 


electricity. This 
system can work from 
fairly small tempera- 
ture differences. 


B: 75 litros 


+ day wind on 1m2 
35 thros 


|1 day sunlight on 1m2 
50 litros 


| EE 


1,000,000,000 litres 


to capture as much 
energy from the sun 
as he uses today. A 
Greenlander would 


even bigger 


collector, almost 


6005q m (6,4605q ft). 
An American would 
need a large 
because although 
solar radiation is 
high inthe USA, 
consumption of en- 
ergy is enormous. 
The developing 
countries such as 


The light element dou: 
terium, which would 
be used in a fusion 
power station, is the 
most concentrated of 
the alternative energy 
sources. Fifty micro- 
grammes of deuterium 
are equivalent in ener- 
gy content to a whole 
day's solar radiation 


The diagram shows 
the volume of water 
boiled by comparable 
units of the energy 
sources dealt with 


elow. In general, 
fuels of medium: 
energy concentration, 
such as coal, are the 
easiest to exploit 
Diffuse sources of 
energy, such as wind 
and solar power, a 
difficult to exploit in 

a traditional central 
power station. It may 
be better to use small 
collectors suited to the 
needs of a local 


India could, on the 


their present energy 
demands with com- 


solar collectors, 

No solar collector, 
however, is efficient 
enough to col- 

lect 100% energy. 


7 Every household 
in a developed 
country throws away 
energy every day 
rubbish. The amount 
of paper thrown 
away by British 
households ha 
most doubled since 
1935 to about 5kg 
(111b) a week, 

while the amount of 
jh and cinders in 
the rubbish is less 
than a third of what 
itwas then. Domestic 
rubbish can be 
burned to provide a 
district heating 
scheme or generate 
icity. Such 
schemes serve to re- 
cover wasted energy, 
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Resources at risk 


The developed countries of the world are 
using up valuable resources at a rate unpre- 
cedented in human history. Fossil fuels, 
minerals, metals, water, timber and even soils 
are treated as if supplies were infinite and the 
larder easily replenished. But most of the 
earth’s resources are not an income to be 
spent, but a stock of capital built up over 
thousands of millions of years before man 
evolved. If present rates of use continue, that 
capital will be exhausted in a period of no 
more than a few centuries. 


How long will resources last? 

Opinions differ about the rate at which the 
earth's resources are being exhausted. 
Calculations of the “lifetime” of any given 
fuel or mineral resource (1] can vary widely 
depending on the assumptions used. But 
most experts, including bodies such as the US 
Geological Survey, now concede that present 
rates of fuel and mineral use can be sustained 
for only another generation or two. The 
timetable [1] depends both on the particular 
resource under consideration and on such 
imponderables as the future of the world 


1 


Hg Mercury 
Cu Copper 

W Tungsten 

Al Aluminium 
Ag Silver 

Mo Molybdenum 
Co Cobalt 

Sn Tin 

Zn Zine 

Ni Nickel 

Pb Lead 

Pt Platinum 

Mn Manganeso 


Environmental problems 
associated with specific 
recovery 


Fo iron 1 Waste disposal 
Au Gold 2 Landreciamation 
Cr Chromium 3 Aerial pollution 
P Phosphates & Water pollution 
N Nitrates 5 Poison control 
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economy, the possibility of finding new sup- 
plies, the geographical distributions of those 
supplies and the extent to which the lifetime 
of any resources can be extended by more 
careful use [4, 5] or by recycling. 

The consumption of most mineral 
resources was, until recently, increasing at an 
exponential rate. This rising curve of 
consumption meant that demand for crude 
oil, for example, doubled every decade. 
Other primary commodities showed a slower 
growth, with doubling times of between ten 
and 20 years. The oil crisis and subsequent 
economic depression, which began late in 
1973, slowed down demand for fuels and 
metals and stopped the steady increase in 
consumption for the first time in two decades. 
Most economists believe, however, that this 
is merely a pause in the growth of the world 
economy rather than a turning point towards 
zero growth. 

Whether or not growth resumes is of cru- 
cial importance in assessing how long 
resources are going to last, for the effect of 
such growth on the demand for fuels and 
minerals is remarkable. In the case of crude 


1 Most of the earth's 
mineral resources 
have taken millions 


roportion 
of this time to de- 
plete seriously the 
known reserves of 
many of these. Some 
of the raw 

involved int} 
ing and operation 
of a dumper truck 

are shown on the pic 
ture with the date at 


sumption trends and 
known reserves inthe 
early 1970s. New 

finds, new extraction 
methods for lower 
grade ores, price 
ding to 
reduced demand, 
recycling and the de 
velopment of substi 
tutes will push 

back the dates given, 


oil, consumption for the decade from 1960 to 
1970 was as much as in the entire period be- 
tween the drilling of the first oil well in 1859 
and 1960, The consequence of such a rapid 
growth rate is that discovery of new reserves 
‘must continue and keep ahead of demand. 

Not all resources are in equal danger. 
Coal, for example, is more plentiful than oil 
and natural gas, and some metals such as 
aluminium, iron and magnesium are 
relatively abundant. Others, including 
copper, vanadium, lead and zinc, are less 
plentiful but not in imminent danger of run- 
ning out. But a few, including mercury, silver, 
tin [3], tantalum and platinum, are scarce, 

Alarms about declining resources are not 
new; but so far the pessimists have been 
wrong. Improving technology, better 
methods of prospecting, a bigger market and 
a better price have been enough to keep 
production ahead of demand, 


Reasons for pessimism 

There are a number of reasons for believing 
that the pessimists cannot be wrong for ever. 
The first is the fact that minerals are distri- 


2 The exploitation of 
biological resources 


It was hunted to 
extinction by the 17th 
century. The same 
fate has befallen the 
dodo (Raphus cucul- 
latus) of Mauritius and 
the passenger 

pigeon (Ectopiste 
migratorius) of 
North America, 


extinction of species 
of animals and plants 
if itis not controlled. 
When the Maoris first 


ched New Zoa- 
land in about AD 800 
they found 


3 
3.5m (12ft) high flight- 
less bird, the moa 
(Dinornis maximus), 
which is shown here. 
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See aiso 
Mineral resources 
Mineral resou 


Energy supoias 
Energy forthe 


3 Resources are 
wasted by cans and 
other packaging that 
cannot be recycled. 
Steel for cans is not 
In short supply but 

the tin to coat the 
Resulting incre 
in tin prices have led 
to sensible economies. 


buted very unevenly over the earth’s surface 
Other things being equal, a rich ore is more 
profitable to exploit than a poor one, so that 
most of the best ones have already been 
mined out. Progressively thinner or less 
accessible ore deposits now have to be ex- 
ploited, thus increasing costs and reducing 
returns. In the past geologists have consoled 
themselves by arguing that as the quality of 
an ore declines, its quantity increases; that 
there is ten to 100 times as much of a low- 
grade ore to be extracted as there is of a high- 
grade ore. For some metals, including 
copper, this is true; but for others, it seems, 
there is either rich ore or unproductive rock 
and nothing in between. For many metals the 
huge tonnages of low-grade ore once counted 
on to take over from the rich ores simply do 
not exist. Once present grades of ore have 
been exhausted, there may be little left 

The second reason for pessimism is that 
mining is consuming ever increasing quan- 
tities of energy, to extract the same amounts 
of metal from ores of declining quality. Since 
energy is likely to be in short supply, it is 
unlikely this process can go on for ever. The 


4A Boiler 


5 Natural gas that 
occurs in association 
with oil is often 
“burned off” as a 
waste product since 
the price it fetches 

is insufficient to 
Justify its collection 
and distribution to 
consumers. But pro- 


perly utilized this 
gas could be an im: 
portant source of 
heat for domestic and 
small-scale commer 
cial purposes, for it 
has a higher heat. 
producing or calorific 
value than manu 
factured coal gas. 


same applies to extraction of metals and 
other minerals from seawater. It is true that 
the oceans contain huge resources of mine- 
rals, but most occur in such small concentra- 
tions that the cost of extraction would be 
prohibitive, The energy needed to extract 
uranium, for example, from the sea, even 
using the most up-to-date technology, would 
exceed the energy the uranium would pro- 
duce in a nuclear reactor 


Geographical and political factors 
A final difficulty is related to the geography 
of resources, When ownership of a crucial 
resource is held in few hands its price can be 
manipulated to a level far above the cost of 
production. This has already happened to oil 
and could in future happen to a wide range of 
other resources, including perhaps tungsten, 
of which China controls 75 per cent of the 
known world deposits; chromium, of which 
South Africa controls 75 per cent; or mer- 
cury, of which Spain controls 33 per cent 
Phosphate rock, now mainly in the hands of a 
few North African countries, and essential 
for fertilizers, is an even better example 


Gonerator 8 


6 Glass 


Aluminium 


Rubber. 


6 An everyday object 
like a motor car de- 
pends, for its manu 
facture, on a very 


large number of 
different minerals and 
raw materials. Some, 
such as iron and 


p 


Key 


The motor car is a 
prime energy wi 


Too heavy, too power- 
ful and usually under: 


Graphite 


occupied, it converts 
little fuel energy into 
motion. At full power 
the theoretical offi- 


when generator is 
not working 


Wasto heat trom cooling 
system used to heat houses 


ciency of an average 
combustion engine is 
only about 25% and 

in practice is 10%. 


4 District heating 
schemes can make 
much better use of 
diminishing fuel re- 
sources. In a con: 
ventional system [A] 
electricity is gener. 
ated in a power st 
tion at an efficiency 
of 35 to 38%, distrib: 
uted to houses with 
a further loss and 
used for lighting and 
for heating at 55% 
efficiency. In a dis- 
trict heating schemo 
[B] electricity and 
hot water or steam 
are generated at the 
power plant and dis- 
tributed for domestic 
‘consumption, the el 
tricity in the usual 
way and the hot water 
or steam in insulated 
pipes. The overall 
efficiency of thi 
system can be as 
much as 80 to 85% if 
demands for heat and 
electricity coincide 


Asbestos! 


glass, have obvious 


structural applications 


while others, such as 
tellurium and talc, aro 


Zine, Lond. Tale 
Molybdenum, Mica 
Nickel 

Beryllium. 


Tellurium. 


used as fillers in 
rubber and paint. 
Such an intimate mix- 
ture of different ma 


k F 


terials makes their 


recycling difficult 
when the car's useful 
life is finished, 


767 


Beach pollution 


Se SES. 


